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(54) Two-stroke cycle engine

(57) This invention concerns a two-stroke cycle en-
gine, more specially it concerns a two-stroke cycle en-
gine using a preceding air-layer for scavenging. It has
a scavenger passage (109d) connected to a branching
scavenger passage (109d) opened to said scavenging
port (9a). The engine has a connecting passage to link
the air passage (10b) and the fuel passage (15) so that
negative pressure in the air passage (10b) forces the
fuel-air mixture in the fuel passage (15) into said air pas-
sage (10b). Further, the engine according to this inven-
tion has a removable guide (501) with a surface forming
a curved smooth channel which is attachable to the
scavenger passage (109d) in the crankcase (5) from the
mounting surface, and forms a portion of said scavenger
passage (109d) with the curved channel. The blow-up
angle of the scavenger passage (109d) varies along the
circumferential direction of the cylinder (2). The crank-
case (5) is configured in such a way that the front and
rear portions, which are separated by a block, and a
scavenger passage (109d) is provided inside both said
front and rear portions of said crankcase (5), and the
cylinder (2). The air cleaner (1001) has two air passages
(1061, 1071) running from it in parallel, the first one
(1061) is connected to said air passage (10b), and the
second one (1071) is connected to the air inlet of the
carburetor (12) to provide air for the fuel passage (15),
and a choke valve (1201) on the air cleaner (1001) is
provided to open and close both of the first and second

air passages (1061, 1071).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention concerns a two-stroke cycle en-
gine which uses a layer of scavenging air pressurizing
the crankcase. More specifically, it concerns a small
two-stroke cycle engine using a preceding air-layer for
scavenging, which drives a layer of scavenging air in
advance of the fuel-air mixture.

Description of the Related Art

[0002] Two-stroke cycle engines belonging to the pri-
or art take advantage of the fact that a negative pressure
is created in the crankcase when the piston reaches the
top of its stroke. This negative pressure causes the fuel-
air mixture to be sucked into the crankcase. When the
piston reaches the bottom of its stroke, the pressurized
fuel-air mixture in the crankcase reaches the scaveng-
ing port and is conducted from the crankcase into the
combustion chamber. The fuel-air mixture fills the com-
bustion chamber, pushing the exhaust gases ahead of
it. In this scavenging process, the opening duration of
the scavenging port and the exhaust port experiences
significant overlap, with the result that approximately
30% of the fuel-air mixture is sucked out with the ex-
haust gases. This is the primary cause of the large com-
ponent of THC (total hydrocarbons) in the exhaust, and
it results in the wastage of fuel.
[0003] To reduce the quantity of fuel-air mixture which
is pushed out of the combustion chamber, scavenging
air designs which drive a layer of air ahead of the fuel-
air mixture have been proposed. In engines which use
scavenging air, the fuel-air mixture goes into the crank-
case as the piston travels upward in the intake process.
At the same time, air is sucked into the crankcase
through a scavenger passage connected to the scav-
enging port so that the passage is filled with air. In the
combustion and exhaust processes which occur when
the piston drops and the scavenging port is open, the
air in the scavenger passage is forced into the combus-
tion chamber ahead of the fuel-air mixture to scavenge
the exhaust gases from the combustion. Immediately af-
ter the scavenging air, the fuel-air mixture is admitted
into the combustion chamber. This scavenging-air
method reduces the quantity of fuel-air mixture which is
pushed out of the combustion chamber to one third that
which occurred with prior art engines.
[0004] A design for a scavenging-air two-stroke cycle
engine which forces a layer of air ahead of the fuel-air
mixture, in which the fuel and air valves on the carbure-
tor are realized as a single valve, is disclosed in the Jap-
anese Patent Publication (Kokai) 10-252565.
[0005] In the prior art scavenging-air engine which
drives a layer of air ahead of the fuel-air mixture, the

preceding layer of air admitted to the cylinder and crank-
case through the air control valve was routed through
the same number of passages (either two or three) as
there were scavenging ports downstream from the air
control valve. These were connected to the passages
for the scavenging ports of the cylinders by rubber
tubes. The air was fed through lead valves on the scav-
enger passages to passages on the cylinder and crank-
case.
[0006] The air introduced via the air control valve was
sucked into the crankcase temporarily when the cylinder
of the piston was pressurized. When the piston dropped
and scavenging occurred, the scavenging air was led
into the combustion chamber from the scavenging port.
[0007] In another prior art design proposed in the Jap-
anese Patent Publication (Kokai) 7-139358, an air pas-
sage was provided which fed into the scavenger pas-
sage at a location adjacent to the scavenging port. A
non-return valve was provided on the air passage, as
was a control valve. The control valve was interlinked
with the operation of the engine throttle. In this engine,
the crankcase experienced negative pressure when the
piston was up. At the same time that the fuel-air mixture
was sucked into the crankcase through its supply port,
the non-return valve was opened and the air was sucked
in through the air passage. This air would completely or
partially fill the scavenger passage. When the piston fell
during the ignition and exhaust processes and the scav-
enging port was opened, first the air would rush into the
combustion chamber and then the fuel-air mixture would
be supplied.
[0008] With this prior art technique, a means was de-
vised which would supply the air from the scavenging
port to scavenge the combustion chamber quickly at the
start of the scavenging process so as to minimize the
quantity of fuel-air mixture lost through the exhaust port.
This device admitted the fuel-air mixture from the crank-
case into the combustion chamber via the scavenging
port with a slight delay after the scavenging air was ad-
mitted.
[0009] This sort of two-stroke cycle engine which ad-
mitted a layer of air in front of the fuel-air mixture re-
duced the quantity of mixture exhausted with the com-
bustion gases, prevented an excessive quantity of THC
(total hydrocarbons) from being exhausted, and mini-
mized the quantity of fuel wasted.
[0010] In the preceding air-layer type two-stroke cycle
engine proposed in the Japanese Patent Publication
(Kokai) 10-252565, the preceding air was brought in
through a number of rubber tubes with lead valves which
was equal to the number of scavenging ports. The de-
sign thus required a large number of parts and assembly
processes, both of which drove the cost up. Further-
more, the supply passages for the air were provided on
the outside of the cylinder, so the dimensions of the en-
gine in its axial direction were increased.
[0011] In a two-stroke cycle engine, combustion must
be kept stable by supplying a rich mixture with little air

1 2



EP 1 508 679 A2

3

5

10

15

20

25

30

35

40

45

50

55

when the engine is operating under a light load, includ-
ing when it is idling, and a comparatively thin mixture
when it is operating under a heavy load. This will reduce
fuel consumption and decrease the harmful component
of the exhaust gas. However, in the prior art design pro-
posed in the Japanese Patent Publication (Kokai)
7-139358, the airflow supplied via the supply passages
during scavenging is not controlled to conform to the op-
erating state of the engine.
[0012] Under light load conditions, then, such as
when the engine is idling, too much air is supplied; and
it would be difficult to stabilize combustion by limiting the
quantity of air admitted to produce a rich mixture. Simi-
larly, it would be difficult to maintain a thin mixture under
heavy load conditions in order to reduce the pollutants
in the exhaust gas and lower the fuel consumption.
[0013] In the invention disclosed in the Japanese Pat-
ent Publication (Kokai) 9-125966, a mixture control
valve is provided to open and close the mixture passage
which connects the carburetor to the crankcase, and an
air control valve is provided to open and close the air
passage which connects the air cleaner. The mixture
control valve and air control valve are linked so that it is
possible to control the flow rate of the fuel-air mixture
and that of the air in such a way that their ratio remains
constant.
[0014] In this type of preceding air-layer type two-
stroke cycle engine, when the engine is idling the neg-
ative pressure in the air passage increases until it is
higher than that in the fuel mixture passage. This causes
the throttle to open more, suddenly increasing the speed
of the engine. The delay in the fuel supply allows the
excessively rich fuel mixture to be thinned out by radi-
cally increasing the quantity of preceding air. The extra
air reduces the concentration of the fuel mixture.
[0015] But when the engine is operating at high
speed, an increase in the quantity of air will not be fol-
lowed by an increased quantity of fuel. The concentra-
tion of the fuel will decrease and proper combustion will
no longer be possible. Problems with acceleration or en-
gine cut-off may result.
[0016] However, in the inventions disclosed in the
Japanese Patent Publications 7-139358, 10-252565
and 9-125966, no means are provided to control the ra-
tio of air flow to air-fuel mixture flow during normal op-
eration so as to prevent an excessive quantity of air from
being supplied when the engine suddenly accelerates
as was described above.
[0017] Furthermore, when this sort of two-stroke cycle
engine is used in a lawnmower, in many cases it must
operate while mounted obliquely. When an obliquely
mounted engine operates, fuel collects in the portion be-
low the passage for the fuel-air mixture. When the po-
sition of the engine changes, this fuel is sucked in sud-
denly, resulting in combustion problems due to excess
fuel in the engine.
[0018] However, the prior art techniques did not offer
any method to counteract problems arising from the en-

gine being operated while mounted obliquely.
[0019] Generally in two-stroke cycle engines, the pas-
sage for the scavenging air which leads into the cham-
ber inside the crankcase follows a smooth curve inside
the crankcase, goes through the surface where the
crankcase is attached to the cylinder, and is connected
to the scavenging port in the cylinder.
[0020] Figure 39 shows an example of a scavenger
passage in a two-stroke cycle engine belonging to the
prior art. In this drawing, 1 is the engine, which is con-
figured as follows.
[0021] 2 is the cylinder; 5 is the crankcase. The cylin-
der 2 and crankcase 5 are fixed to each other with gas-
ket 3 between them by bolts 110 at surfaces 04 and 05.
6 is the crankshaft, 7 is the cylinder head, 10 is the air
passage and 60 is the center of the crankshaft.
[0022] 9 is the scavenging port, which opens into the
side of the cylinder 2. 209a is the scavenger passage
formed in the cylinder 2, which connects to the scaveng-
ing port 9. 209c is the inlet for the scavenger passage
formed in the crankcase 5, which opens into the crank
chamber. 209b is the scavenger passage in the crank-
case 5. It follows a smooth curve inside the crankcase
5 and connects scavenger passage 209a in the cylinder
2 with scavenging inlet 209c.
[0023] In this two-stroke cycle engine, the scavenger
passage comprises passage 209b in crankcase 5 and
209a in cylinder 2, which meet at the surfaces 04 and
05. Because scavenger passage 209b in crankcase 5
is curved, it has a portion 16 which protrudes between
the upper wall of the passage 209b and surface 04.
[0024] In the Japanese Patent Publications 58-5423
and 58-5424, scavenger passages are disclosed such
that a curved scavenger passage in the crankcase and
a scavenger passage in the cylinder come together at
the surface where the crankcase and the cylinder are
fixed to each other.
[0025] However, in the configuration of the scavenger
passage in the two-stroke cycle engine shown in Figure
39, scavenger passage 209b in crankcase 5 is a curved
passage with a portion 16 which protrudes between the
upper wall of the passage 209b and surface 04. When
the crankcase is cast, the die to form scavenger pas-
sage 209b in crankcase 5 cannot be removed as a sin-
gle die in the direction of axis 61 of the cylinder.
[0026] With the prior art design shown in Figure 39,
then, to enable the die for scavenger passage 209b to
be removed, several different dies were combined to
cast the scavenger passage. This complicated the cast-
ing work and increased the number of casting process-
es. Also, because it required combining a number of
dies, the probability of a defective cast due to slippage
of a die increased.
[0027] In the Japanese Patent Publications (Kokai)
58-5423 and 58-5424, too, a protruding portion is
formed between the upper wall of the scavenger pas-
sage and the surface where the cylinder is fixed to the
crankcase. These designs, then, suffer from the same
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problems as were just described.
[0028] Further, with the prior art design shown in Fig-
ure 39, the curved scavenger passage in the crankcase
and the scavenger passage in the cylinder meet to form
a scavenger passage which goes through the surface
where the crankcase and the cylinder are fixed to each
other. The fuel in the fuel-air mixture which flows through
the scavenger passage will thus seep into the micro-
scopic gap between surfaces 04 and 05 where gasket
3 is inserted. When the engine is operated in an oblique
position, this fuel will return to the scavenger passage
and result in defective combustion.
[0029] In the Japanese Patent Publications (Kokai)
58-5423 and 58-5424, too, a scavenger passage in the
crankcase and a scavenger passage in the cylinder
meet to form a common passage which goes through
the surface where the crankcase and the cylinder are
fixed together. These designs thus suffer from the same
problem which is described above.
[0030] In a two-stroke cycle engine with a pressurized
crankcase, the design takes advantage of the fact that
a negative pressure is created in the crankcase when
the piston reaches the top of its stroke. The fuel-air mix-
ture is sucked into the crankcase through the air inlet.
When the piston reaches the bottom of its stroke, the
scavenging port opens and the pressurized fuel-air ma-
ture in the crankcase is conducted from the crankcase
into the combustion chamber via the scavenger pas-
sage and the scavenging port. The fuel-air mixture fills
the combustion chamber, pushing the exhaust gases
ahead of it.
[0031] In the scavenging process in a two-stroke cy-
cle engine, the opening duration of the scavenging port
and the exhaust port experiences significant overlap. To
address this problem, a number of devices have been
proposed to prevent the fuel-air mixture from being
sucked out with the combustion gases and to insure that
the mixture fills the combustion chamber uniformly.
[0032] One such device is proposed in the Japanese
Utility Model Publication (Kokai) 1-44740. In this propos-
al, a two-stroke cycle engine has two scavenger pas-
sages, one on the right and one on the left, which lead
up from the crankcase. Their upper ends curve toward
the axial direction of the cylinder, and they lead into the
cylinder. The angles at which the surfaces of the upper
walls of the curving scavenger passages meet the cyl-
inder vary continuously from one side to the other.
[0033] In this sort of scavenging two-stroke cycle en-
gine with a pressurized crankcase, it is necessary to re-
duce the quantity of fuel-air mixture which escapes with
the exhaust gases, eliminate the exhaust of a large
quantity of THC (total hydrocarbons) and minimize the
wastage of fuel.
[0034] In the scavenging two-stroke cycle engine with
a pressurized crankcase proposed in the Japanese Util-
ity Model Publication (Kokai) 1-44740, the angles at
which the surfaces of the upper walls of the tops of the
scavenger passages meet the cylinder, that is, the an-

gles at which the air is blown into the cylinder, do vary
continuously from one side of the scavenging port to the
other. However, as can be seen in Figure 3 of the same
publication, the angles θ of the airflow differ from each
other. The portion (θa) nearer the exhaust port, which is
shown in Figure 3 (a) is larger than the portion (θc) near-
er the intake port, which is shown in Figure 3(c).
[0035] Thus in the prior art design proposed in the
Japanese Utility Model Publication (Kokai) 1-44740, the
angle θ of the airflow in the location closer to the exhaust
port is made larger. As a result, after the fuel-air mixture
forced into the combustion chamber from the portion of
the scavenger passage closer to the exhaust port reach-
es the top of the combustion chamber, it is liable to be
caught in the flow of combustion gases travelling toward
the exhaust port. The fuel-air mixture supplied from the
location closer to the exhaust port, then, is likely to es-
cape out the exhaust port with the combustion gases
which comprise the exhaust gas. This will increase the
quantity of the THC (total hydrocarbons) which are ex-
hausted and the quantity of fuel which is wasted. The
scavenging efficiency will decrease, the density of the
fuel-air mixture filling the combustion chamber will be
lower, and the engine output will go down.
[0036] In a two-stroke cycle engine which is used in
a lawnmower, the long scavenger passage which con-
nects the scavenging port to the crankcase and supplies
the air-fuel mixture from the crankcase to the combus-
tion chamber must be formed in both the crankcase and
the cylinder. The crankcase and cylinder, which are gen-
erally made of cast aluminum, must assume a compli-
cated shape, so that their casting requires many proc-
esses.
[0037] Two-stroke cycle engines for universal appli-
cations have been proposed in the Japanese Patent
Publication (Kokai) 58-5424 and the Japanese Utility
Model Publication (Kokai) 4-26657, among others.
[0038] In the Japanese Patent Publication (Kokai)
58-5424, the crankcase has both a primary and an aux-
iliary scavenging port. The two scavenger passages
which lead into the interior of the crankcase, i.e., into
the crank chamber, go from the interior of the crankcase
through the surface where the crankcase and the cylin-
der are fixed together. In the cylinder, these two scav-
enger passages connect to the primary and auxiliary
scavenging ports.
[0039] In the Japanese Utility Model Publication
(Kokai) 4-26657, two pairs of curved scavenger passag-
es go from the interior of the crankcase through the sur-
face where the crankcase and the cylinder are fixed to-
gether and then through the interior of the cylinder.
[0040] As has been discussed, this is an air-layer type
scavenging two-stroke cycle engine. In it, a long scav-
enger passage which connects the scavenging port and
the crankcase is formed in the interior portions of the
crankcase and the cylinder. In addition, an air passage
is formed in the cylinder to transport the preceding air
to the scavenging port. This air passage connects to
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some intermediate location on the scavenger passage.
The crankcase and cylinder, which are generally made
of cast aluminum, must be shaped in such a way that
the scavenger passage forms a smooth channel in order
to minimize the resistance experienced by the fuel-air
mixture and the airflow. The shapes of the dies for the
casting must be simple, the number of dies must be
small, and the engine must be able to be produced in a
small number of production processes.
[0041] In the design in the Japanese Patent Publica-
tion (Kokai) 58-5424, however, the inventors limited
their improvement to giving the two long primary and
auxiliary scavenger passages in the crankcase and cyl-
inder a smooth contour and so reducing the resistance
of the two channels. They did not devote any attention
to improving the shape or number of dies used when the
crankcase and cylinder were cast or to improving the
casting work by reducing the number of casting proc-
esses required.
[0042] In the design proposed in the Japanese Utility
Model Publication (Kokai) 4-26657, the inventors limited
their improvement to providing a shape for a curved
scavenger passage running from the interior of the
crankcase through the interior of the cylinder and pre-
venting the fuel-air mixture from escaping toward the ex-
haust side. In this prior art design, then, just as with that
discussed above, no consideration was given to the
casting of the crankcase and cylinder.
[0043] In a two-stroke cycle scavenging engine using
a layer of air, there is a scavenger passage which con-
nects the scavenging port on the side of the cylinder and
the crankcase; an air passage which connects to the
scavenger passage at a point midway along its length
and supplies scavenging air from the air cleaner to the
scavenger passage; and a passage which supplies the
fuel-air mixture produced in the carburetor to the crank-
case. Before the fuel-air mixture is supplied from the
scavenging port to the combustion chamber, a mass of
preceding air filtered by the air cleaner is conducted into
the combustion chamber by way of the air passage,
scavenger passage and scavenging port. This air scav-
enges the chamber, enhancing both the scavenging and
the combustion efficiency.
[0044] Two inventions which have proposed such
two-stroke cycle scavenging engines which use a layer
of air are those disclosed in the Japanese Patent Pub-
lications (Kokai) 9-125966 and 10-252565.
[0045] In the invention disclosed in the Japanese Pat-
ent Publication (Kokai) 9-125966, there are two air
cleaners. The outlet of one of the air cleaners connects
via the carburetor to the supply passage for the fuel-air
mixture. The outlet of the other air cleaner connects
through a control valve to the passage which supplies
the preceding air to the scavenger passage.
[0046] In the invention disclosed in the Japanese Pat-
ent Publication (Kokai) 10-252565, the passage which
supplies the fuel-air mixture from the carburetor to the
crankcase is parallel to the passage which supplies the

preceding air to the scavenger passage. The air inlet of
the carburetor and the inlet of the air supply passage
are connected directly to the outlet of the air cleaner.
[0047] When this air layer-type scavenging two-
stroke cycle engine is started up, the quantity of air
which is to go through the air supply passage must be
controlled and a negative pressure must be obtained.
The quantity of fuel-air mixture supplied to the combus-
tion chamber from the air mixture supply passage by
way of the crankcase and scavenger passage must be
increased to produce a rich mixture and so improve the
starting characteristics of the engine.
[0048] In the invention proposed in the Japanese Pat-
ent Publication (Kokai) 9-125966, the air control valve
is shut during start-up, so the air supply passage is
closed. The air passage on the carburetor is open, and
the fuel-air mixture supplied from the carburetor to the
air mixture supply passage is increased to produce a
rich mixture. However, this design requires two air
cleaners, so the configuration is complicated and large,
which drives up the equipment cost.
[0049] In the invention proposed in the Japanese Pat-
ent Publication (Kokai) 10-252565, the air inlet of the
carburetor and the inlet of the air supply passage are
connected directly to the outlet of the air cleaner. For
this reason it would be extremely difficult to completely
shut off the preceding air, that is, the air which flows into
the air supply passage, at the outlet stage of the air
cleaner during start-up.
[0050] It is thus impossible, in this invention, to supply
a rich mixture to the combustion chamber. And since it
is difficult to achieve a high negative pressure as well,
the start-up characteristics are unavoidably poor.
[0051] Furthermore, in the two prior art designs dis-
cussed above, the choke valve which closes off the air
passage when the engine is started up is generally a
rocking choke valve which rotates about its valve shaft.
When the engine is connected to a lawnmower or other
working machine and is to be operated, the operating
lever of the choke valve gets in the way when the engine
is started with the recoil starter. Also, the rocking diam-
eter of the operating lever is considerable, which makes
it difficult to operate and so affects the ease of operation.

SUMMARY OF THE INVENTION

[0052] The present invention was developed to ad-
dress the problems associated with the prior art.
[0053] The first objective of this invention is to simplify
the configuration of the scavenger passage in a scav-
enging two-stroke cycle engine using a layer of air, to
make the engine smaller and lighter, to reduce the
number of parts and processes required to produce the
engine, and to reduce the production cost.
[0054] The second objective of this invention is to pro-
vide an air-layer-type scavenging two-stroke cycle en-
gine such that the quantity of fuel-air mixture exhausted
with the combustion gases is reduced, and at the same
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time the quantity of air supplied to the combustion cham-
ber through the scavenging port is controlled via a cut-
off valve so that it remains in proper proportion to the
quantity of fuel-air mixture. In such an engine, an appro-
priate concentration of fuel-air mixture is maintained
through the entire operating range of the engine. Com-
bustion remains constant when the engine is operated
under a light load, and the rate of fuel consumption and
the proportion of pollutants in the exhaust are reduced
when the engine is operated under a heavy load.
[0055] The third objective of this invention is, in an air-
layer-type scavenging two-stroke cycle engine, to pre-
vent the concentration of the fuel mixture from becoming
too thin due to an excessive intake of air when the en-
gine accelerates suddenly and so maintain proper com-
bustion, thus preventing the engine from hesitating or
cutting out.
[0056] The fourth objective of this invention is to pre-
vent fuel from collecting at the bottom of the fuel pas-
sage when the engine is installed obliquely, and so pre-
vent the defective combustion which would result from
an excess of fuel.
[0057] The fifth objective of this invention is to make
it possible to cast the scavenger passage for a two-
stroke cycle engine in such a way that a single die could
be used and the piece could be removed from the die
in the axial direction of the cylinder. The casting process
would be simplified and the number of sub-processes
reduced. This would prevent defects resulting from the
dies slipping. It would also prevent the imperfect com-
bustion which occurs when the engine is mounted ob-
liquely due to fuel flowing back into the scavenger pas-
sage from the surface where the cylinder and crankcase
are fixed together.
[0058] The sixth objective of this invention is, in a two-
stroke cycle engine using pressurized air to scavenge
the crankcase, to prevent the fuel-air mixture from es-
caping out the exhaust port, the reduce the quantity of
THC (total hydrocarbons) in the exhaust, to improve the
efficiency of the scavenging, to increase the concentra-
tion of the fuel-air mixture in the combustion chamber,
and to improve the combustion and so enhance the out-
put of the engine.
[0059] The seventh objective of this invention is to
provide a two-stroke cycle engine with a scavenger pas-
sage in the crankcase and cylinder and a method of
casting such an engine such that a smooth scavenger
passage with little flow resistance could be formed, sim-
ply-shaped dies could be used to cast the engine, the
number of dies could be reduced, and the number of
casting processes could be reduced.
[0060] The eighth objective of this invention is to pro-
vide a two-stroke cycle engine with a simple, compact,
low-cost configuration which would be able to supply a
rich fuel-air mixture to the combustion chamber during
start-up, and which would enjoy improved start-up char-
acteristics as a result of achieving a high negative pres-
sure.

[0061] The ninth objective of this invention is to pro-
vide a valve such as a choke valve with a simple and
compact configuration to improve the operating charac-
teristics of the engine.
[0062] The invention disclosed in Claim 1 of this ap-
plication comprises a two-stroke cycle engine using a
preceding air-layer for scavenging with an exhaust port
on the side of the cylinder; a scavenging port on the side
of the cylinder; a fuel passage, which supplies fuel-air
mixture to the crank chamber through the intake port on
the side of the cylinder during the time of the elevation
of the piston; a scavenger passage to be connected to
the scavenging port; an air passage, which supplies
scavenging air from the air cleaner toward the inner side
of the engine; an insulator, in which the fuel passage
and the air passage run in parallel; a non-return valve,
which is provided on the insulator facing toward the in-
ner side of the engine, to open or close the air passage
by means of the negative pressure in the scavenger
passage; and a connecting passage with a small diam-
eter to link the air passage and the fuel passages so that
negative pressure in the air passage forces the fuel-air
mixture in the fuel passage into the air passage.
[0063] With the invention disclosed in Claim 1 of this
application, the fuel-air mixture in the fuel passage is
supplied to the air passage through a small-diameter
connecting passage when the negative pressure in the
air passage becomes greater than that in the fuel pas-
sage because the engine is idling. Thus when there is
an excessive quantity of air in the air passage during
sudden acceleration, fuel-air mixture from the fuel pas-
sage will be introduced and mixed with that air.
[0064] By forcing fuel-air mixture into the airflow in the
air passage, we prevent the new air supplied to the cyl-
inder from the scavenging port from creating a mix with
too much air. This method prevents the fuel mixture from
becoming too thin during sudden acceleration of the en-
gine and so improves the acceleration characteristics.
[0065] Furthermore, since the throttle opens during
high-speed operation, the pressure differential between
the fuel and air passages virtually disappears. Thus vir-
tually no fuel-air mixture will flow from the fuel passage
through the small-diameter connecting passage and in-
to the air passage at high speeds. The method prevents
fuel-air mixture from getting into the preceding air and
so helps maintain the required exhaust characteristics.
[0066] When the engine is mounted obliquely, the fu-
el-air mixture in the fuel passage can flow through the
small-diameter connecting passage into the air pas-
sage. It will thus not collect in the bottom of the fuel pas-
sage, so that a large quantity of fuel is suddenly sucked
into the cylinder when the engine's orientation is
changed. This design, then, will prevent imperfect com-
bustion.
[0067] With the invention disclosed in Claim 1, then,
we can achieve an air-layer-type scavenging two-stroke
cycle engine which produces the effect through a very
simple device, i.e., a small-diameter connecting pas-
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sage between the air and fuel passages which causes
the negative pressure of the air passage to draw the fu-
el-air mixture in the fuel passage into the air passage.
This obviates the need for a complicated control device.
[0068] In invention disclosed in Claim 2, the small-di-
ameter connecting passage in the configuration dis-
cussed in Claim 1 connects the air and fuel passages
at a point downstream or upstream from the non-return
valve.
[0069] If configured in this way, with the connecting
passage going into the air passage downstream from
the non-return valve, when the engine is mounted ob-
liquely, when it is, say, rotated 180°, the fuel which col-
lects in the lower end of the fuel passage will flow
through the connecting passage into the air passage.
This will prevent too much fuel from flowing into the com-
bustion chamber and affecting the rate of combustion,
improving both the engine's operation and its effect.
[0070] If the connecting passage goes into the air pas-
sage upstream from the non-return valve, the diameter
of the mouth of the connecting passage can be in-
creased without producing a drop in engine output. This
further improves the acceleration characteristics during
sudden acceleration.
[0071] The following embodiments are preferred for
the devices disclosed in Claim 2.

(1) The connecting passage is formed in the insu-
lator gasket interposed between the mounting sur-
faces of the insulator and cylinder, or in the carbu-
retor gasket interposed between the mounting sur-
faces of the carburetor and the insulator. If one of
these configurations is adopted, it will be possible
to fashion a connecting passage merely by creating
a slit of the same diameter as the connecting pas-
sage in either the insulator gasket or the carburetor
gasket. Creating a connecting passage in this way
is straightforward and does not require a large
number of processes.
(2) The connecting passage is cut into the surface
of the insulator where it is mounted to the cylinder.
(3) The connecting passage is cut into the surface
of the cylinder where it is mounted to the insulator.
(4) The connecting passage is formed in the carbu-
retor gasket which goes between the carburetor
and the insulator.
(5) The connecting passage is cut into the surface
of the insulator where it is mounted to the carbure-
tor.
(6) The connecting passage is cut into the surface
of the carburetor where it is mounted to the insula-
tor.
(7) The connecting passage comprises a small hole
in either the insulator, the carburetor, or the cylinder,
which connects the air passage to the fuel passage.
(8) There is a non-return valve on the small hole
which permits flow only in the direction from the fuel
passage to the air passage.

(9) The connecting passage is placed so that one
end connects the air and fuel passages down-
stream from the non-return valve while the other
end connects them upstream from the valve.

[0072] If the connecting passage is configured in this
way, with one end between the air and fuel passages
downstream from the non-return valve, the fuel-air mix-
ture in the fuel passage can flow through the connecting
passage and into the air passage when the engine is
mounted obliquely. This prevents fuel from collecting at
the bottom of the fuel passage and being sucked into
the cylinder suddenly when the position of the engine
changes, so it eliminates imperfect combustion due to
an excess of fuel. The other end of the connecting pas-
sage connects the air and fuel passages upstream from
the non-return valve. This makes it possible to increase
the diameter of the outlet of the connecting passage
without a drop in engine output, thus improving the en-
gine's ability to accelerate suddenly.
[0073] The invention disclosed in Claim 3 of this ap-
plication comprises A two-stroke cycle engine with a
scavenger passage which connects a scavenging port
on the side of the cylinder to the crank chamber inside
the crankcase, and goes through the mounting surface
where the cylinder and crankcase are attached to each
other; and a removable guide with a surface forming a
curved smooth channel which is attachable to the scav-
enger passage in the crankcase from the mounting sur-
face, and forms a portion of the scavenger passage with
the curved channel.
[0074] The guide should be configured as disclosed
in Claims 4 and 5.
[0075] The Claim 4 comprises the configuration dis-
closed in Claim 3. The guide has a positioning tooth
which engages with the hole in the gasket for the surface
where the cylinder and crankcase are attached to each
other.
[0076] The Claim 5 comprises the configuration dis-
closed in Claim 3. The guide is fixed to the crankcase
when its tooth engages in an indentation in the crank-
case.
[0077] If the engine is configured as described above,
the fuel-air mixture from the crank chamber in the crank-
case is led into a scavenger passage one portion of
which comprises a guide with a smoothly curved chan-
nel. The mixture flows through the scavenger passage
formed as a smooth channel and is supplied to the scav-
enging port. Because the scavenger passage is a
smoothly curved channel without any right angles, the
fuel-air mixture flows smoothly and rapidly without any
flow loss such as a decrease in flow velocity as it is sup-
plied to the scavenging port.
[0078] The guide is mounted on the crankcase in such
a way that it can be removed by pulling it away from the
surface where the crankcase is attached to the cylinder
along the axial direction of the cylinder. This obviates
the need for a tooth between the upper wall of the scav-

11 12



EP 1 508 679 A2

8

5

10

15

20

25

30

35

40

45

50

55

enger passage and the surface where the crankcase is
attached, as was required in the prior art. The guide per-
forms the same function as the tooth. When the crank-
case is cast, even if a single die is used to form the scav-
enger passage inside the crankcase, the die can easily
be removed in the axial direction of the cylinder.
[0079] This design simplifies the casting procedure by
which the scavenger passage is formed, and it reduces
the number of casting processes required. Because the
scavenger passage can be formed using a single die,
there is no possibility that one of several dies will slip
out of position, as sometimes happened with prior art
techniques, and ruin the casting. This design, then, im-
proves the quality of the crankcase containing the scav-
enger passage.
[0080] If the engine is configured as disclosed in
Claim 4 of this application, the guide has a positioning
tooth which engages in a hole in the gasket between the
cylinder and crankcase. When the tooth engages in the
hole in the gasket, its position is assured, and the posi-
tion of the gasket is also assured. The fact that the guide
has been inserted can be ascertained by how the gasket
is positioned, so there is no chance that the guide will
be forgotten.
[0081] If the engine is configured as disclosed in
Claim 5 of this application, the crankcase has an inden-
tation which serves as the slot into which the tooth on
the guide engages. Because the guide is fixed to the
crankcase, it will always be positioned correctly. The
surface of the channel on the guide connects smoothly
to the scavenger passage in the crankcase.
[0082] Ideally, as is disclosed in the Claim 6, which
comprises the configuration disclosed in Claim 4, the
guide should have a depression in the surface at which
it is fixed to the crankcase.
[0083] If the engine is configured in this way, the slight
gap between the crankcase and cylinder where the gas-
ket is interposed will be smaller. Less fuel will seep into
the gap from the fuel-air mixture flowing through the
scavenger passage connecting the crankcase and the
cylinder through the common surface where they are at-
tached to each other, which comprises the scavenger
passage formed by the crankcase and the guide, and
the scavenger passage in the cylinder. The fuel flows
downward through the depression formed in the guide,
so even if the engine is mounted obliquely, the fuel can-
not return to the scavenger passage. This eliminates im-
perfect combustion due to fuel flowing back into the
scavenger passage.
[0084] Ideally, as is disclosed in the Claim 7, which
comprises the configuration disclosed in Claim 3, the
guide is distinguished by the fact that it is painted on.
[0085] If the guide is configured in this way, by being
painted on, it will always be perfectly plain whether or
not it is there. This will eliminate the possibility that it will
be forgotten during assembly. By using a different color
for each type of machine, we can simplify our parts con-
trol.

[0086] A preferred embodiment of the means dis-
closed in Claim 3 of this application is as follows.
[0087] The guide is formed by molding a deep-draw-
ing sheet as a single piece with the gasket between the
cylinder and crankcase. If produced in this way, the
guide and the gasket are one piece, and deep drawing
allows the channel surface and the depression to be
formed on the front and reverse sides of the sheet at the
same time. This reduces the parts count and the number
of assembly processes.
[0088] The invention disclosed in Claim 8 of this ap-
plication comprises a two-stroke cycle engine with an
exhaust port on the sidewall of the cylinder, which opens
into the cylinder; a scavenging port on the sidewall of
the cylinder positioned a slight distance apart in the cir-
cumferential direction from the exhaust port, which also
opens into the cylinder; an intake port, which opens to
supply fuel-air mixture to the crankcase according to the
action of the piston; and a scavenger passage, which
connects the crankcase and the scavenging port;
wherein a blow-up angle (α) of the scavenger passage,
which is defined by an angle between the upper wall
which connects to the scavenging port and a perpendic-
ular line to the axis of the cylinder, varies along the cir-
cumferential direction of the cylinder, and if the blow-up
angle in a location nearer the exhaust port is defined as
(α1) and the blow-up angle in a location nearer the in-
take port is defined as (α2), then α1 < α2.
[0089] Ideally, as is disclosed in Claim 9, which com-
prises the configuration disclosed in Claim 8, the blow-
up angle (α) of the scavenger passage varies continu-
ously from a location nearer the intake port to one nearer
the exhaust port, or it varies in one or more steps from
angle (α2) at a location nearer the intake port to angle
(α1) at a location nearer the exhaust port.
[0090] If the scavenger passage is configured as de-
scribed above, when the action of the piston causes the
exhaust port and then the slightly lower scavenging port
to open, the fuel-air mixture forced into the scavenger
passage from the crankcase will flow from the scaveng-
ing port into the combustion chamber.
[0091] Because the blow-up angle of the upper wall
connecting the scavenger passage to the scavenging
port is greater at a location nearer the intake port than
it is at a location nearer the exhaust port, the fuel mixture
which enters the chamber from the location nearer the
exhaust port will flow along the top of the piston at a high
speed without being dispersed. This will prevent it from
getting caught in the exhaust gas stream and so reduce
the quantity of fuel lost through the exhaust port. The
fuel-air mixture which enters the chamber from the lo-
cation nearer the intake port will be flowing at a lower
velocity than that nearer the exhaust port. It will be sent
into the area around the spark plug in the upper part of
the chamber, where it will be efficiently ignited and com-
busted.
[0092] Thus this configuration prevents the fuel-air
mixture from escaping unburned through the exhaust
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port, improves the scavenging efficiency, and increases
the concentration of the fuel-air mixture which fills the
combustion chamber. This improves the combustion
and increases the output of the engine. The fact that the
fuel-air mixture is prevented from escaping through the
exhaust port translates into a lower THC level (total hy-
drocarbons) in the exhaust.
[0093] If the engine is configured as disclosed in
Claim 9, with the surface of the upper wall of the scav-
enger passage being formed so that it varies in step
fashion from a large angle (α2) at a location nearer the
intake port to a smaller angle (α1) at a location nearer
the exhaust port, when the cylinder is cast, two dies can
be used with two different blow-up angles, as described
above, with the angles changing at the border between
the dies. This will make it easy to remove the work from
the dies and will reduce the number of processes nec-
essary to produce the cylinder. Also, using dies with two
different blow-up angles to form the scavenger passage
is an easy and reliable way to control the blow-up angle.
[0094] The invention disclosed in Claim 10 of this ap-
plication comprises a two-stroke engine with a scaven-
ger passage which connects the crankcase and the
scavenging port on the side of the cylinder; an air pas-
sage connected to the midpoint of the scavenger pas-
sage, which supplies scavenging air from the air cleaner
to the scavenger passage; and a fuel passage, which
supplies the fuel-air mixture produced in the carburetor
to the crankcase. This two-stroke engine is distin-
guished by the following. The air cleaner has two air pas-
sages running from it in parallel, one of which is con-
nected to the air passage, and the other of which is con-
nected to the air inlet of the carburetor to provide air for
the fuel-air mixture. A choke valve on the air cleaner
opens and closes both of these air passages.
[0095] Ideally, as is disclosed in Claim 11, which com-
prises the configuration in Claim 10, the choke valve
comprises a rotary valve which, when rotated, opens or
closes the openings of the two air passages, and a knob
by which the valve can be rotated.
[0096] Also, as is disclosed in Claim 12, which com-
prises the configuration in Claim 11, the choke of the
choke valve engages with the case of the air cleaner in
such a way that it is free to rotate. Its front surface com-
prises a sheet which covers or uncovers the inlets of the
two air passages. A sealing ring consisting of an elastic
material presses the flat surface of the valve against the
openings of the inlets by elastic force and forms a fluid
seal around the valve shaft with respect to the interior
of the case.
[0097] A tapered protrusion is formed on the inner sur-
face of the case of the air cleaner. When the rotary knob
of the choke valve strikes the protrusion, the flat surface
of the valve is pressed against the opening of either the
first or the second of the two air passages.
[0098] If the choke is configured in this way, when the
knob of the choke valve is turned to start up the engine,
the second air passage, which connects the air cleaner

to the air inlet of the carburetor, is completely closed,
and only the choke hole is open. The first air passage,
which connects the air cleaner to the air passage sup-
plying the preceding air, is also completely closed when
the engine is started up.
[0099] When the choke is adjusted in this way, the air
from the air cleaner which is supplied to the carburetor
via the second air passage is constricted by the choke
hole. The fuel-air mixture produced in the carburetor is
supplied via the crankcase, scavenger passage and
scavenging port to the combustion chamber.
[0100] Since the first air passage from the air cleaner
is completely closed by the choke at this time, the fuel-
air mixture from the carburetor is supplied to the com-
bustion chamber without any preceding air. Thus the
chamber is filled with a rich fuel-air mixture. This im-
proves the start-up characteristics of the engine.
[0101] The flat surface of the rotary choke of the
choke valve covers and uncovers the openings of the
two air passages. The elastic force of the O-ring or other
sealing ring which is inserted around the shaft of the
choke causes the flat surface to press against the open-
ings. The choke valve thus completely and reliably clos-
es the opening of the passage for the preceding air. This
promotes the production of a rich fuel-air mixture as de-
scribed above and allows a high negative pressure to
be maintained.
[0102] This invention provides both a sealing ring as
described above and a protrusion on the outside of the
case of the air cleaner to serve as a stop for the choke,
and rotating the choke valve from its initial position to its
normal operating position will switch between the two
aforesaid air passages. When the choke valve is rotat-
ed, its knob easily goes over the protrusion against the
force of the sealing ring. The moderate friction improves
the operating feel of the choke valve. When the choke
valve is released, the elastic force of the sealing ring
and the force of the protruding stop automatically hold
the choke valve in place on the flat portion of the case
in such a way that it cannot go back. This insures easy
operation.
[0103] There is, as is disclosed in Claim 12, a tapered
protrusion on the inner surface of the case of the air
cleaner. When the choke valve is rotated toward starting
position, the knob of the choke valve goes over the pro-
trusion. When this occurs, the elastic force generated
by the deflection of the valve causes its flat surface to
push down on the opening of the passage for the pre-
ceding air. This improves the sealing function of the flat
surface, and thus improves the start-up characteristics.
[0104] The invention disclosed in Claim 13 of this ap-
plication is a two-stroke engine which is distinguished
by the following. It has a rotary valve installed on the
case in such a way that it is free to rotate which, when
rotated, opens and closes the two air passages; and a
rotary knob which operates the valve. The front surface
of the valve comprises a sheet which covers or uncovers
the inlets of the two air passages. A sealing ring con-
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sisting of an elastic material presses the flat surface of
the valve against the openings of the inlets by elastic
force and forms a fluid seal around the valve shaft with
respect to the interior of the case.
[0105] A rotary valve configured in this way is not lim-
ited in its application to use as a choke valve for the air
cleaner of a two-stroke engine. It can be used in a wide
range of applications which require switching between
two fluid passages by operating a rotary valve.
[0106] To summarize, the effects of the invention dis-
closed above are as follows.
[0107] With the invention disclosed in Claim 1, the air
passage and the fuel mixture passage are linked by a
small-diameter connecting passage. Thus the fuel mix-
ture in the fuel passage can be supplied via this small-
diameter connecting passage to the air passage. In this
way more fuel-air mixture can be added to the air flowing
through the air passage. This prevents the new air sup-
plied to the cylinder from the scavenging port from cre-
ating too thin a mix when the engine accelerates sud-
denly, and thus improves the acceleration characteris-
tics.
[0108] When the engine is operating at high speed,
there is virtually no pressure differential between the fuel
passage and the air passage. There will therefore be
almost no fuel-air mixture flowing via the small-diameter
connecting passage from the fuel passage to the air
passage, and thus no fuel in the layer of preceding air.
This will insure that the required exhaust specifications
can be maintained.
[0109] When the engine is mounted obliquely, the fu-
el-air mixture in the fuel passage can flow into the air
passage via the connecting passage. This prevents fuel
from collecting in the lowest portion of the fuel passage
so that a large quantity of fuel is suddenly sucked into
the cylinder when the engine's orientation is changed.
This design, then, will prevent the imperfect combustion
which would occur if there were excess fuel in the cham-
ber.
[0110] Providing a small-diameter connecting pas-
sage between the air and fuel passages obviates the
need for a control device with a complicated configura-
tion. It allows us to realize an air-layer-type scavenging
two-stroke engine which can achieve the same effect
with an extremely simple device.
[0111] One end of the connecting passage connects
the air and fuel passages downstream from the non-re-
turn valve. The effect of this when the engine is mounted
obliquely is that it will prevent an excess of fuel in the
combustion chamber which will result in imperfect com-
bustion. The other end of the connecting passage con-
nects the air and fuel passages upstream from the non-
return valve. This makes it possible to increase the di-
ameter of the outlet of the connecting passage without
a drop in engine output, thus improving the engine's abil-
ity to accelerate suddenly.
[0112] With the invention disclosed in Claim 3, a sur-
face of a guide which forms the shape of a channel con-

nects smoothly with the scavenger passage in the
crankcase. The resulting scavenger passage is gradu-
ally curved with no right angles, so the fuel-air mixture
which moves through it does not experience any loss of
flow through deceleration, but is supplied to the scav-
enging port smoothly and at a high velocity. This im-
proves the engine output.
[0113] The guide is mounted on the crankcase in such
a way that it can be removed by pulling it away from the
surface where the crankcase is attached to the cylinder
along the axial direction of the cylinder. The guide fulfills
the function of the projection that was used in the prior
art. When the crankcase is cast, even if a single die is
used to form the scavenger passage inside the crank-
case, the die can easily be removed in the axial direction
of the cylinder.
[0114] This design simplifies the casting procedure by
which the scavenger passage is formed, and it reduces
the number of casting processes required. Because the
scavenger passage can be formed using a single die,
there is no possibility that one of several dies will slip
out of position, as sometimes happened with prior art
techniques, and ruin the casting. This design, then, im-
proves the quality of the crankcase containing the scav-
enger passage.
[0115] If the engine is configured as disclosed in
Claim 4, the guide has a positioning tooth which engag-
es with the hole in the gasket. When the tooth engages
in the gasket hole, its position is guaranteed, and so is
that of the gasket. The fact that the guide is in place can
be known from how the gasket is seated, so there is no
chance of forgetting the guide.
[0116] If the engine is configured as disclosed in
Claim 5, the guide is fixed to the crankcase when its
tooth engages in an indentation in that crankcase. In this
way the guide can be positioned with complete accuracy
so that its surface which forms a channel can connect
smoothly to the scavenger passage in the crankcase.
[0117] If the engine is configured as disclosed in
Claim 6, even if the fuel in the fuel-air mixture flowing
through the scavenger passage connecting the crank-
case and the cylinder through the common surface
where they are attached to each other seeps into the
gap between the surfaces where the gasket is inserted,
the fuel will flow downward through the depression
formed in the guide. Thus even if the engine is mounted
obliquely, the fuel cannot return to the scavenger pas-
sage. This eliminates imperfect combustion due to fuel
flowing back into the scavenger passage.
[0118] If the engine is configured as disclosed in
Claim 8, the blow-up angle of the upper wall of the scav-
enger passage which connects it to the scavenging port
is greater at a location nearer the intake port than at one
nearer the exhaust port. The fuel mixture which enters
the chamber from the location nearer the exhaust port
will flow along the top of the piston at a high speed with-
out being dispersed. This will prevent it from getting
caught in the exhaust gas stream and so reduce the
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quantity of fuel lost through the exhaust port. The fuel-
air mixture which enters the chamber from the location
nearer the intake port will be flowing at a lower velocity
than that nearer the exhaust port. It will be sent into the
area around the spark plug in the upper part of the cham-
ber, where it will be efficiently ignited and combusted.
The scavenging efficiency is improved, the fuel-air mix-
ture which fills the combustion chamber has a higher
concentration, and the combustion is improved, result-
ing in greater engine output. Also, preventing the fuel-
air mixture from escaping reduces the level of THC (total
hydrocarbons) in the exhaust.
[0119] If the engine is configured as disclosed in
Claim 9, with the surface of the upper wall of the scav-
enger passage being formed so that it varies in step
fashion from a large blow-up angle at a location nearer
the intake port to a smaller blow-up angle at a location
nearer the exhaust port, when the cylinder is cast, two
dies can be used with two different blow-up angles, with
the angles changing at the border between the dies.
This will make it easy to remove the work from the dies
and will reduce the number of processes necessary to
produce the cylinder.
[0120] Also, using dies with two different blow-up an-
gles to form the scavenger passage is an easy and re-
liable way to control the blow-up angle.
[0121] With the invention disclosed in Claim 10, the
first air passage from the air cleaner is completely and
reliably closed by the choke valve when the engine is
being started up. Thus the supply of scavenging air to
the combustion chamber is cut off, and only the fuel-air
mixture from the carburetor is supplied to the combus-
tion chamber. Thus the chamber is filled with a rich fuel-
air mixture. This improves the start-up characteristics of
the engine.
[0122] The flat surface of the rotary choke of the
choke valve covers and uncovers the openings of the
two air passages. The elastic force of the O-ring or other
sealing ring which is inserted around the shaft of the
choke causes the flat surface to press against the open-
ings. If configured in this way, the choke valve complete-
ly and reliably closes the opening of the passage for the
preceding air. This promotes the production of a rich fu-
el-air mixture as described above and allows a high neg-
ative pressure to be maintained.
[0123] In addition to the sealing ring, a protrusion is
provided on the outside of the case of the air cleaner to
serve as a stop for the choke. If the choke valve is con-
figured in this way, rotating it from its initial position to
its normal operating position will switch between the two
aforesaid air passages. When the choke valve is rotat-
ed, its knob easily goes over the protrusion against the
force of the sealing ring. The moderate friction improves
the operating feel of the choke valve. When the user re-
leases the choke valve after operating it, the elastic
force of the sealing ring and the force of the protruding
stop automatically hold the choke valve in place on the
flat portion of the case in such a way that it cannot go

back. This insures easy operation.
[0124] Furthermore, as is disclosed in Claim 12, there
is a tapered protrusion on the inner surface of the case
of the air cleaner. When the choke valve is rotated to-
ward starting position, the knob of the choke valve goes
over the protrusion. When this occurs, the elastic force
generated by the deflection of the valve causes its flat
surface to push down on the opening of the passage for
the preceding air. This improves the sealing function of
the flat surface, and thus improves the start-up charac-
teristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0125]

Figure 1 is a cross section taken at a right angle to
the crankshaft which indicates the center passage
of the cylinder in an air-layer-type scavenging two-
stroke engine which is the first preferred embodi-
ment of this invention.
Figure 2 is a perspective drawing showing the ar-
rangement of the scavenging and air passages in
the first preferred embodiment.
Figure 3 corresponds to Figure 2, and shows the
operation of the engine which is the first preferred
embodiment.
Figure 4 shows the relationship between the crank
web and the scavenger passage in the first pre-
ferred embodiment.
Figure 5 is a cross section taken along passage A-A
in Figure 1.
Figure 6 is a cross section of the air control valve
and its surrounding area in the second preferred
embodiment of this invention.
Figure 7 is a horizontal cross section of the air con-
trol valve in the second preferred embodiment of
this invention.
Figure 8 is the view of the air control valve seen from
line B-B in Figure 6.
Figure 9 is a graph showing an example of the re-
lationship between the throttle valve and the air con-
trol valve.
Figure 10 corresponds to Figure 6 and shows the
third preferred embodiment of this invention.
Figure 11 is a cross section which corresponds to
Figure 7 and shows the third preferred embodiment
of this invention.
Figure 12 eighth preferred embodiment of this in-
vention.
Figure 13 is a frontal view of the carburetor gasket
in the fourth preferred embodiment of this invention.
Figure 14 is a view of the end of the carburetor gas-
ket on the insulator (from line A0-A0 in Figure 12)
in the fourth preferred embodiment of this invention.
Figure 15 is a magnified cross section of the area
where the insulator and cylinder are connected (an
enlargement of portion Z in Figure 12) in the fourth
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preferred embodiment of this invention.
Figure 16 is a plan view of the insulator gasket in
the fourth preferred embodiment of this invention.
Figure 17 is a view of the end of the insulator gasket
on the insulator (from line B0-B0 in Figure 15) in the
fourth preferred embodiment of this invention.
Figure 18 is a view of the connecting passage in the
fourth preferred embodiment of this invention which
corresponds to Figure 15.
Figure 19 is a cross section taken at a right angle
to the crankshaft and showing the scavenger pas-
sage in a two-stroke engine which is the fifth pre-
ferred embodiment of this invention.
Figure 20 is the view from line A1-A1 in Figure 19.
Figure 21 is a frontal view of the guide in the fifth
preferred embodiment.
Figure 22 is the view from arrow B1 in Figure 19.
Figure 23 is a cross section taken along the axis of
the cylinder and showing the cylinder in an air layer-
type two-stroke engine which is the sixth preferred
embodiment of this invention.
Figure 24 is a view of the seventh preferred embod-
iment of this invention which corresponds to that in
Figure 23.
Figure 25 are cross sections of the scavenger pas-
sages in the cylinders of the sixth and seventh pre-
ferred embodiments. (A) is taken along line A2-A2
in Figures 23 and 24; (B) is taken along line B2-B2.
Figure 26 is a perspective drawing of the scaveng-
ing port in the seventh preferred embodiment.
Figure 27 is a cross section taken along the axis of
the cylinder in an air layer-type scavenging two-
stroke engine in which the sixth and seventh pre-
ferred embodiments of this invention have been im-
plemented.
Figure 28 is an exploded perspective drawing of an
air layer-type scavenging two-stroke engine which
is the eighth preferred embodiment of this invention.
Figure 29 is a cross section taken along the crank-
shaft of a two-stroke engine which is the eighth pre-
ferred embodiment of this invention.
Figure 30 shows the configuration of the scaveng-
ing and air passages in the eighth preferred embod-
iment of this invention.
Figure 31 is a cross section taken at a right angle
to the crankshaft which describes the axis of the cyl-
inder in an air layer-type scavenging two-stroke en-
gine in which this invention has been implemented.
Figure 32 is a cross section taken at a right angle
to the crankshaft which shows the configuration of
the air cleaner and vacuum device in a two-stroke
engine which is the ninth preferred embodiment of
this invention.
Figure 33 is the view from arrow 3 in Figure 32.
Figure 34 is the view from line B3-B3 in Figure 32.
Figure 35 is the view from line C3-C3 in Figure 32.
Figure 36 is a cross section of the air cleaner cover
and choke valve (a closer view of area Z in Figure

32).
Figure 37 is the view from line D3-D3 in Figure 36.
Figure 38 is a cross section taken along line E-E in
Figure 37.
Figure 39 is an example of the prior art which cor-
responds to Figure 19.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0126] In this section we shall give a detailed expla-
nation of a number of preferred embodiments of this in-
vention with reference to the drawings. Whenever the
shapes, relative positions and other aspects of the parts
described in the embodiments are not clearly defined,
the scope of the invention is not limited only to the parts
shown, which are meant merely for the purpose of illus-
tration.
[0127] Figures 1 through 5 show the first preferred
embodiment of this invention. 2 is the cylinder, 4 the pis-
ton, 6 the crankshaft, 6a the crank web comprising the
crankshaft 6, 5 the crankcase, 3 the connecting rod
which connects piston 4 and crankshaft 6, 7 the cylinder
head, 8 the spark plug, 11 the air cleaner and 12 the
carburetor. 25 is the combustion chamber. 5a is the
crank chamber formed inside crankcase 5. 15b and 15
are the passage for the fuel-air mixture which connects
the carburetor 12 and crank chamber 5a. 13a is the ex-
haust port which opens into the side of cylinder 2. It is
connected to exhaust pipe 13.
[0128] 9a are two scavenging ports to the right and
left of exhaust port 13a on cylinder 2, oriented at virtually
a right angle to exhaust port 13a. As can be seen in Fig-
ure 2, the scavenging ports 9a are connected to the
crank chamber 5a via two branching scavenger passag-
es 109e, which are mounted obliquely on cylinder 2; two
scavenger passages 109f, which are at the point where
the various scavenger passages meet; arc-shaped
scavenger passages 109d, which are enclosed by walls
on either side of crankcase 5; and outlets 109b.
[0129] As can be seen in Figure 5, the end surfaces
109g of the outlets 109b and the end surfaces 6d of
crank webs 6 approximate each other in the direction of
crankshaft 60, leaving only a microscopic gap, so that
the ends of the outlets can be opened and closed by the
action of crank webs 6a of crankshaft 6. At a right angle
to crankshaft 60, as can be seen in Figure 4, the outlets
109b of the scavenger passages are progressively un-
covered by crank webs 6a as crankshaft 6 rotates in di-
rection N. The lower portions of outlets 109b 6a are ta-
pered so that initially a small part of the openings is un-
covered and then progressively a larger and larger por-
tion of them.
[0130] 10 is an air supply chamber in the side of cyl-
inder 2. Its upstream side is connected to air passage
10b in insulator 30, which will be discussed shortly. Its
downstream side is connected to the two branching air
passages 10a. The branching air passages 10a, as is
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shown in Figure 2, connect to scavenger passages 109f
and branching scavenger passages 109e.
[0131] The air supply chamber 10 has non-return
valves 16 on the outlets to branching air passages 10a
on its right and left, which permit air to flow only toward
branching air passages 10a.
[0132] As can be seen in Figures 2 and 3, the branch-
ing air passages 10a and scavenger passages 109e are
formed virtually symmetrically with respect to the axis
50 of the cylinder by walls 109h and 109i, which extend
outward from the sides of the cylinder 2 and are integral
to it. The walls 109h and 109i are parallel to each other.
The single die which forms them can be removed by
pulling it sideward away from the cylinder.
[0133] 30 is an insulator to thermally isolate the en-
gine body from the vacuum system. The insulator 30 is
bolted to the side of cylinder 2. The air passage 10b is
in the upper portion of the insulator 30, and fuel passage
15b is in its lower portion.
[0134] The upstream side of the fuel passage 15b is
connected to control valve 14 on the carburetor, which
controls the rate of flow of the fuel-air mixture. The
downstream side is connected to the interior of the cyl-
inder (combustion chamber 25) via fuel supply inlet 15a.
[0135] 110 is an air passage which is integral to car-
buretor 12. It connects air cleaner 11 and insulator 30.
Control valve 20 varies the size of the opening of the air
passage 110. The control valve 20 is interlocked with
mixture control valve 14 on carburetor 12.
[0136] When an air layer-type scavenging two-stroke
engine configured in this way operates, the explosive
force inside combustion chamber 25 pushes piston 4
downward and opens exhaust port 13a. The combustion
gases (i.e., the exhaust gas) in the chamber 25 go out
exhaust port 13a into exhaust pipe 13 and are released
to the exterior through the muffler (not pictured).
[0137] When piston 4 goes down further, the scaveng-
ing ports 9a to its left and right open. The air which has
accumulated in branching scavenger passage 109
flows into combustion chamber 25, as indicated by the
arrow in Figure 3, and pushes the combustion gases to-
ward exhaust port 13a.
[0138] Next, the fuel-air mixture stored in crank cham-
ber 5a flows into combustion chamber 25 via outlets
109b of the scavenger passages, scavenger passages
109d and branching scavenger passages 109e.
[0139] When piston 4 goes down, as can be seen in
Figure 3, and reaches bottom dead center, exhaust port
13a and scavenging ports 9a open, and the supply of
air and fuel-air mixture to combustion chamber 25 is
completed or attempts to be completed. When piston 4
rises from bottom dead center, it closes scavenging
ports 9a, and the interior of crank chamber 5a becomes
a closed space. As the space begins to expand, its pres-
sure begins to drop.
[0140] When piston 4 rises further, exhaust port 13a
closes, and the fuel-air mixture in combustion chamber
25 begins to be pressurized. As piston 4 rises, the vol-

ume inside crank chamber 5a increases, which further
reduces the pressure in the crankcase. As can be seen
in Figure 2, when piston 4 rises further, fuel supply inlet
15a on the side of cylinder 2 opens, and the fuel-air mix-
ture generated in carburetor 12 and controlled by valve
14 is supplied to crank chamber 5a through fuel passag-
es 15b and 15, as indicated by the arrows in Figure 2.
[0141] The drop in pressure inside the crank chamber
5a is communicated via outlets 109b, scavenger pas-
sages 109d and branching scavenger passages 109e
to branching air passages 10a on the left and right. Non-
return valve 16 opens, and the air supplied to air supply
chamber 10 via valve 16 through a process we shall dis-
cuss shortly flows into crank chamber 5a.
[0142] The various pairs of passages which run from
the scavenging ports 9a to crank chamber 5a, namely,
branching scavenger passages 109e, and scavenger
passages 109f and 109d, together form two long scav-
enger passages. The air supplied to the scavenger pas-
sages must fill their entire length before it is admitted
into crank chamber 5a.
[0143] When piston 4 reaches the vicinity of top dead
center, spark plug 8 discharges a spark in combustion
chamber 25. This ignites the pressurized fuel-air mixture
and combustion occurs. The pressure generated by this
combustion pushes piston 4 down, which generates ro-
tary torque in crankshaft 6.
[0144] When piston 4 goes down and exhaust port
13a opens, the combustion gases in combustion cham-
ber 25 flow through exhaust port 13a into exhaust pipe
13. They are exhausted to the exterior through the muf-
fler (not pictured).
[0145] When piston 4 begins to drop, the gases in
crank chamber 5a are pressurized by its reverse side.
When piston 4 drops further, the outlets of scavenging
ports 9a on either side of it open. The fuel-air mixture
supplied to crank chamber 5a as described above is
sucked into combustion chamber 25 from scavenging
ports 9a via outlets 109b, scavenger passages 109d
and 109f, and branching scavenger passages 109e.
The combustion gases (i.e., the exhaust gas) in the
combustion chamber 25 is pushed out through exhaust
port 13a in the scavenging operation.
[0146] When the chamber is to be scavenged, the
non-return valve 16 described above is opened, and an
appropriate quantity of air is allowed to fill scavenger
passages 109d and 109f and branching scavenger pas-
sages 109e. Thus at the completion of a specified time
interval from the beginning of scavenging, everything
between scavenging ports 9a and combustion chamber
25 will have been scavenged by air. Only then is the fuel-
air mixture in crank chamber 5a forced into combustion
chamber 25 from scavenging ports 9a via scavenger
passages 109d and branching passages 109e.
[0147] When the process is executed repeatedly, the
engine operates and power is generated.
[0148] As is shown in Figures 1 through 3, in this sort
of preceding air layer-type scavenging two-stroke en-
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gine, scavenger passages 109d in crankcase 5 are sym-
metrical with respect to the axis 50 of the cylinder on
either side of the crankcase, and scavenger passage
outlets 109b open into crank chamber 5a symmetrically
with respect to axis 50 of the cylinder.
[0149] And as can be seen in Figure 5, crank webs
6a form disk valves over outlets 109b into crankcase 5,
with a small gap between the ends 109g of the outlets
109b and the ends 6d of crank webs 6a.
[0150] Figure 4 shows how an outlet 109b is progres-
sively uncovered when a crank web 6a rotates in crank
chamber 5a. The position of the outlets 109b varies
along the direction of rotation N of crankshaft 6. The tim-
ing at which the scavenging air is forced through scav-
enging ports 9a also varies. As can be seen in Figure 4,
the openings of outlets 109b are tapered so that their
size progressively increases as crank webs 6a rotate.
By controlling the velocity of the scavenging air entering
via scavenging ports 9a, we can further reduce the
quantity of fuel-air mixture which gets caught in the ex-
haust gas stream.
[0151] In the preceding air layer-type scavenging two-
stroke engine which is the first preferred embodiment of
this invention, branching air passages 10a on cylinder
2 and branching scavenger passages 109e to scaveng-
ing ports 9a on cylinder 2 are surrounded by parallel
walls 109h and 109i, as can be seen in Figure 2. The
sliding die used to cast the cylinder can thus be a single
piece. The configuration of the die is simpler, and this
reduces its cost.
[0152] Figures 6 through 8 show the second preferred
embodiment of a preceding air layer-type scavenging
two-stroke engine according to this invention. In this em-
bodiment, the air control valve 20 of the two-stroke en-
gine of the first embodiment is replaced by a modified
valve 20 which has the following improvements.
[0153] In Figures 6 through 8, 11 is the air cleaner, 12
the carburetor, 10e the air passage in carburetor 12, and
14 the fuel mixture control valve of carburetor 12. 15 and
15b are the fuel mixture passages, and 15a is the supply
inlet for the fuel mixture on cylinder 2.
[0154] 20 is the air control valve. 45 is an air pipe con-
necting the air passage 10e of the air cleaner 11 to a
separate outlet. 35 is the air supply pipe in the insulator
attached to the cylinder 2. 36 is a joint pipe for intake
air. It is attached to air supply pipe 35 in the insulator
and connected to the outlet of the air passage 110.
[0155] As is shown in Figure 7, the scavenging air,
which is conducted through a different outlet on the air
cleaner 11 than is the air passage 10e, flows through air
passage 110 in air pipe 45. It goes through air passage
10b, which is surrounded by the joint pipe 36 for air in-
take and air supply pipe 35 of the insulator. It passes
from air valve 37 of control valve 20, which will be dis-
cussed shortly, and valve seat 35a. It flows through air
supply chamber 10 in cylinder 2 by way of non-return
valve 16, and is sent to branching air passage 10a, as
shown in Figure 1.

[0156] 20 is an air control valve. The valve 20 is um-
brella-shaped and is installed on joint pipe 36 for air in-
take. Air valve 37, which is attached to the end of the
valve stem 39 in such a way that it can move along the
stem, engages in valve seat 35a in such a way that it
can freely be attached or removed. Cam follower 38 is
on the end of the valve stem 39 which juts out from joint
pipe 36. Compressive spring 41 exerts force in the di-
rection which is downstream in terms of the air flow
through the air valve 37, that is, it exerts pressure on air
valve 37 against valve seat 35a.
[0157] Portion 124c is bent downward on the end of
control lever 124, which is attached to the rotary shaft
of fuel mixture control valve 14 of the carburetor 12. Cam
124a, which has a fan-shaped cross section, is formed
on the bent portion 124c. The internal cam 124a engag-
es with cam follower 38, which is on the other end of the
air valve 37, to open and close that valve. The internal
cam 124a engages with the cam follower 83 so as to
open air valve 37 in the direction opposite the flow of air,
through the cam follower 38, against the force of com-
pressive spring 41.
[0158] As is well known, the control lever 124 adjusts
the opening of mixture control valve 14; i.e., it adjusts
the rate of flow of the fuel-air mixture. Swivel 125 is
mounted so that it can rotate on operating end 124b of
the side of the control lever 124 which is opposite the
internal cam 124a. Control lever 124 is operated by con-
trol cord 142, which is connected from the exterior to the
swivel 125.
[0159] In the second preferred embodiment, the pres-
sure in crank chamber 5a drops when piston 4 rises.
When a negative pressure is achieved, it is communi-
cated from crank chamber 5a to air supply chamber 10
via scavenger passages 109b, 109d and 109f and
branching air passages 10a. When the air supply cham-
ber 10 goes to negative pressure, non-return valve 16
opens.
[0160] When the control lever 124 is operated, inter-
nal cam 124a rotates and cam follower 38 of air control
valve 20 is pulled leftward in Figures 6 and 7 against the
spring force of compressive spring 41. This opens air
valve 37. Scavenging air from air cleaner 11 flows into
air supply chamber 10 through air pipe 45, air passages
110 and 10a, air valve 37 and non-return valve 16.
[0161] From the air supply chamber 10, just as in the
first embodiment, the scavenging air flows into crank
chamber 5a by way of branching air passages 10a,
scavenger passages 109f and 109d and scavenger pas-
sage outlets 109b as indicated by arrows in Figures 2
and 3. It accumulates in the passages and the crank
chamber 5a, and scavenges them in the same process
as in the first embodiment.
[0162] Generally, in two-stroke engines, mixture con-
trol valve 14 will be adjusted under a partial load to con-
trol the rate of flow of the fuel-air mixture supplied to
combustion chamber 25 through crank chamber 5a. In
this way a nearly constant concentration of fuel-air mix-
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ture can be maintained over a wide range of operation.
[0163] In the air layer-type scavenging two-stroke en-
gine related to this invention, as has been discussed
above, in the scavenging process air is supplied to com-
bustion chamber 25 through air supply chamber 10 in-
stead of fuel-air mixture. If the concentration of the fuel-
air mixture has a given concentration, and a quantity of
air proportional to the quantity of fuel-air mixture is sup-
plied to combustion chamber 25, the overall richness of
the mixture can be kept constant.
[0164] In the second preferred embodiment of this in-
vention, mixture control valve 14, which controls the flow
rate of the fuel-air mixture, and air control valve 20,
which controls the flow rate of the scavenging air sent
into combustion chamber 25 through air supply cham-
ber 10, are interlocked through internal cam 124a of le-
ver 124, which adjusts mixture control valve 14, and cam
follower 38. By selecting the profile of internal cam 124a,
we can attain an appropriate ratio for the degree of
openness of mixture control valve 14 and air control
valve 20 (i.e., an appropriate ratio of the flow rate of the
fuel-air mixture to that of the scavenging air).
[0165] The graph shown in Figure 9 is an example of
an appropriate relationship between the degree of open-
ing of mixture control valve 14 and air control valve 20.
In this figure, R1, which is shown by a solid line, is an
example in which combustion is stabilized under light
load conditions, including idling, which occur until valve
14 reaches its fixed Z point of opening, by supplying a
relatively rich mixture. In this region, i.e., the region in
which valve 14 has not yet reached its Z point, air control
valve 20 is completely closed. Beyond the Z point, the
degree of openness of valves 14 and 20 are set propor-
tionally to each other. R2, which is shown by a broken
line, is an example in which air control valve 20 is less
open than in R1 while mixture control valve 14 is only
partly open.
[0166] In the second preferred embodiment, mixture
control valve 14, which controls the flow rate of the fuel-
air mixture, and air control valve 20 are interlocked
through internal cam 124a, which is connected to the
control lever 124, and cam follower 38. Thus the open-
ing ratio of the mixture control valve 14 and air control
valve 20 can easily be set in response to a change in
the angular position of mixture control valve 14. In other
words, as can be seen in Figure 9, while the engine is
under a light load, as when idling, until it reaches the Z
point, air control valve 20 is completely closed. Fuel-air
mixture whose flow rate is controlled by mixture control
valve 14 is sent into combustion chamber 25 to fill the
chamber both for scavenging and combustion.
[0167] Once the opening of mixture control valve 14
reaches the Z point in Figure 9, internal cam 124a of
control lever 124 draws air valve 37 out to open it, and
air control valve 20 moves into the open position.
[0168] When the load on the engine increases and
mixture control valve 14 opens further, air control valve
20 operates with the rotation of internal cam 124a of

control lever 124, which follows the rotation of valve 14,
and opens proportionally to the valve 14. The flow rate
of air increases, and the engine is run with the weak mix-
ture that a heavy load demands.
[0169] Other aspects of the configuration are identical
to corresponding aspects of the first preferred embodi-
ment, pictured in Figures 1 through 5. The same parts
have been numbered in the same way as in these fig-
ures.
[0170] Figures 10 and 11 show an air layer-type scav-
enging two-stroke engine which is the third preferred
embodiment of this invention. This embodiment con-
cerns the valve which controls the quantity of scaveng-
ing air and its operating mechanism, as in the second
embodiment. It differs from the second embodiment in
that the internal cam on control lever 124 is formed at a
given height on the inner edge of the fan-shaped periph-
ery of the control lever.
[0171] In Figures 10 and 11, the scavenging air con-
ducted out of air cleaner 11 through a different outlet
than the one to air passage 10e passes through air pas-
sage 10b, which is surrounded by joint pipe 48 and in-
take pipe 47 in the insulator. It flows through the opening
of air valve 37 and valve seat 47a in air control valve 20.
It goes through non-return valve 16 and air supply cham-
ber 10 in cylinder 2 and is sent to branching air passage
109 (See Figure 1).
[0172] Control lever 124 is fixed to the rotary stem of
mixture control valve 14 on the carburetor 12. On the
end of control lever 124, in contrast to the configuration
of the second embodiment, is portion 127c, which is
bent upward. This forms internal cam 127a, whose hor-
izontal cross section is fan-shaped. The internal cam
127 is interlocked with cam follower 38 of air valve 37
so that it opens and closes that air valve. The internal
cam 127a is installed so that it opens air valve 37
through the action of cam follower 38 in the direction
opposite the air flow, i.e., in the direction in which it ex-
erts pressure on compressive spring 41.
[0173] Other aspects of the configuration and opera-
tion of this engine are identical to corresponding aspects
of the second embodiment, and have been given the
same numbers.
[0174] Figures 12 through 18 show the fourth pre-
ferred embodiment of this invention. In this embodiment,
the respective supply systems for the preceding air and
the fuel mixture have been improved. The basic config-
uration of this engine is identical to that of the first
through third embodiments. Corresponding parts have
been given the same numbers.
[0175] In Figures 12 through 18, 41 is an insulator
gasket, which is placed between the surfaces where the
insulator 30 and cylinder 2 are mounted to each other;
42 is a carburetor gasket, which is placed between the
surfaces where the insulator 30 and carburetor 12 are
mounted to each other.
[0176] The carburetor gasket 42, which is shown in
Figure 14, has two parallel passages running through it,
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air passage 10b in its upper portion and fuel-mixture
passage 15 in its lower portion, in the same positions as
in the insulator 30. Connecting passage 43 is a slit which
connects the air passage 10b and fuel-mixture passage
15. 46 are bolt holes.
[0177] The insulator gasket 41, which is shown in Fig-
ure 16, has the same two parallel passages running
through it, air passage 10b in its upper portion and fuel-
mixture passage 15 in its lower portion, at the same pitch
as in the insulator 30. Connecting passage 44 is a slit
which runs between and connects the air passage 10b
and fuel-mixture passage 15. 61 is a space for the non-
return valve 16; 49 are bolt holes.
[0178] Connecting passage 44 in the insulator gasket
41, as can be seen in Figure 15, connects fuel-mixture
passage 15 and air supply chamber 10 in a location
which is downstream from flat surface 45 of the non-
return valve 16. Its diameter, that is, the diameter of its
passage, is smaller than that of connecting passage 43
in carburetor gasket 42. Creating the connecting pas-
sage 44 minimizes any drops in output.
[0179] Instead of providing connecting passages 44
and 43 in the insulator gasket 41 and carburetor gasket
42, a connecting passage 47 can be cut into the surface
of insulator 30 which comes in contact with carburetor
gasket 42, as shown in Figure 14; or a connecting pas-
sage 51 can be cut into the surface of the insulator 30
which comes in contact with insulator gasket 41, as
shown in Figure 17.
[0180] The connecting passages may also be cut into
the surface of cylinder 2 where it is attached to the in-
sulator 30, or into the surface of carburetor 12 where it
is attached to the insulator 30.
[0181] When a preceding air layer-type scavenging
two-stroke engine configured in this way operates, the
combustion pressure in combustion chamber 25 forces
piston 4 downward and exhaust port 13a opens. The
combustion gases (i.e., the exhaust gas) in the combus-
tion chamber 25 exit through exhaust port 13a into ex-
haust pipe 13. They pass through the muffler (not pic-
tured) and are released into the atmosphere.
[0182] As piston 4 goes further down, scavenging
ports 9a to its left and right open, and the air stored in
scavenging ports 109e and elsewhere flows into com-
bustion chamber 25, pushing the combustion gases to-
ward exhaust port 13a.
[0183] Next, the fuel-air mixture stored in crank cham-
ber 5a flows into combustion chamber 25 through scav-
enging ports 9a by way of scavenger passage outlets
109b and scavenger passages 109d and 109e.
[0184] Then piston 4 is at bottom dead center, ex-
haust port 13a and scavenging ports 9a open. The sup-
plying of air and fuel-air mixture to combustion chamber
25 is now complete or on the verge of completion. When
piston 4 rises from bottom dead center, it causes scav-
enging port 9a to close, creating a closed space in crank
chamber 5a. The expansion process, that is to say, the
depressurization, now begins.

[0185] As piston 4 rises further, exhaust port 13a clos-
es and the mixture of fuel and gas in combustion cham-
ber 25 begins to be pressurized. When piston 4 goes
up, the volume of crank chamber 5a increases, causing
the pressure in the crankcase to decrease. When piston
4 rises still further, air intake port 15a on the side of cyl-
inder 2 opens. The fuel-air mixture generated in carbu-
retor 12, whose rate of flow is controlled by valve 14, is
supplied via fuel passage 15 to crank chamber 5a.
[0186] The pressure inside the crank chamber 5a
drops, and the lower pressure is communicated via out-
lets 109b and scavenger passages 109d and 109e to
branching air passages 10a on the left and right. Reed-
type non-return valve 16 opens, and the air supplied to
air supply chamber 10 via the valve 16 flows into crank
chamber 5a.
[0187] The various pairs of passages which run from
the scavenging ports 9a to crank chamber 5a, namely,
branching scavenger passages 109e and scavenger
passages 109d, together form two long scavenger pas-
sages. The air supplied to the scavenger passages must
fill their entire length before it is admitted into crank
chamber 5a.
[0188] Then piston 4 reaches the vicinity of top dead
center, spark plug 8 discharges a spark in combustion
chamber 25. This ignites the pressurized fuel-air mixture
and combustion occurs. The pressure generated by this
combustion pushes piston 4 down, which generates ro-
tary torque in crankshaft 6.
[0189] When piston 4 goes down and exhaust port
13a opens, the combustion gases in combustion cham-
ber 25 flow through exhaust port 13a into exhaust pipe
13. They are exhausted to the exterior through the muf-
fler (not pictured).
[0190] When piston 4 begins to drop, the gases in
crank chamber 5a are pressurized by its reverse side.
When piston 4 drops further, the outlets of scavenging
ports 9a on either side of it open. The fuel-air mixture
supplied to crank chamber 5a as described above is
sucked into combustion chamber 25 from scavenging
ports 9a via outlets 109b and scavenger passages 109d
and 109e. The combustion gases (i.e., the exhaust gas)
in the combustion chamber 25 are pushed out through
exhaust port 13a and the scavenging operation com-
mences.
[0191] When the engine is idling, the negative pres-
sure in scavenger passages 10b, air supply chamber 10
and branching air passages 10a becomes greater than
in fuel passage 15.
[0192] In the fourth embodiment, the air passage 10b
and fuel-mixture passage 15 are connected either by
small-diameter connecting passages 43 and 44 in insu-
lator gasket 41 and carburetor gasket 42 or by slits 47
and 51, which are cut into insulator 30. When the engine
is idling, then, the fuel-air mixture in fuel passage 15
goes through either small-diameter connecting passag-
es 43 and 44 or slits 47 and 51 into air passage 10b and
air supply chamber 10.
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[0193] Thus when there is too much air in air passage
10b during sudden acceleration, fuel-air mixture can be
added to the air flowing through air passage 10b. This
prevents the new air being supplied to combustion
chamber 25 via scavenging port 9a from causing there
to be excess air in the chamber. It thus also prevents
the fuel concentration from becoming too thin during
sudden acceleration and so improves the engine's ac-
celeration characteristics.
[0194] When the engine is running at a high speed,
the throttle is opened more, and the pressure differential
among fuel passage 15, air passage 10b and air, supply
chamber 10 is virtually eliminated. Thus virtually no air
flows from fuel passage 15 through the small-diameter
connecting passages 43 and 44 or 47 and 51 into either
air passage 10b or air supply chamber 10. This design,
then, prevents fuel-air mixture from contaminating the
scavenging air, which insures that the required exhaust
specifications can be maintained.
[0195] When the engine is mounted obliquely, the fu-
el-air mixture in fuel passage 15 will flow downstream
from the non-return valve 16. It will thus flow through the
connecting passages on the side of combustion cham-
ber 25, namely passages 44 or 51 in insulator gasket
41 of insulator 30, and into air supply chamber 10. This
prevents fuel from collecting downstream from fuel pas-
sage 15 and being sucked into the cylinder suddenly
when the position of the engine changes, so it eliminates
imperfect combustion due to an excess of fuel.
[0196] To prevent defective operation when the en-
gine is mounted obliquely, as described above, the fol-
lowing must be considered. If the connecting passage
44 or 51 is provided between air supply chamber 10 and
fuel passage 15, which are downstream from the non-
return valve 16, it is connected to scavenger passage
109e, which is downstream from the valve 16. Thus if
the diameter of the connecting passage is increased,
the output of the engine will drop; however, if the con-
necting passage 43 or 47 is located in carburetor gasket
42 or insulator gasket 41, which are upstream from the
non-return valve, the diameter of the connecting pas-
sage can be increased without producing a drop in en-
gine output. This further improves the acceleration char-
acteristics during sudden acceleration.
[0197] With the fourth embodiment, then, small-diam-
eter connecting passages 43 and 44 are provided be-
tween fuel passage 15, air passage 10b and air supply
chamber 10, so that negative pressure in the air pas-
sage 10b and air supply chamber 10 will cause the fuel-
air mixture in the fuel passage 15 to flow into the air pas-
sage. This obviates the need for a complicated control
device and allows us to achieve the effect described
above through the use of a very simple device.
[0198] If one wishes to provide the connecting pas-
sage 43 or 44 in insulator gasket 41 or carburetor gasket
42, it will be possible to fashion a connecting passage
merely by creating a slit of the same diameter as the
connecting passage 43 or 44 in either the insulator gas-

ket 41 or the carburetor gasket 42. Creating a connect-
ing passage in this way is straightforward and does not
require a large number of processes.
[0199] In Figure 18, which shows another embodi-
ment of the connecting passage, 63 is a connecting pas-
sage consisting of a small hole which connects air pas-
sage 10b and fuel passage 15 in insulator 30. 64 is the
non-return valve on the connecting passage 63 which
permits flow from the fuel passage only in the direction
toward air passage 10b.
[0200] The non-return valve 64 may be eliminated, if
desired, and connecting passage 63 may consist only
of the small hole. Alternatively, a connecting passage
63 and non-return valve 64 as described above may be
provided in carburetor 12 or cylinder 2 instead of in the
insulator 30.
[0201] In Figures 19 through 22, which show the fifth
preferred embodiment of this invention, 1 is the engine,
2 is the cylinder of the engine and 5 is the crankcase.
The cylinder 2 and crankcase 5 are fastened together
at surfaces 04 and 05 by a number of bolts 110, with
gasket 311 placed between them. 13a is the exhaust
port.
[0202] 9a is the scavenging port, which opens into the
side of the aforesaid cylinder 2. 209a is the scavenging
passage in cylinder 2, which is connected to the afore-
said scavenging port 9a. 209c is the outlet of the scav-
enging passage which opens into crank chamber 5a in
the aforesaid crankcase 5. 209b is the scavenging pas-
sage in the aforesaid crankcase 5. With the help of sur-
face 511 of guide 501, which will be discussed shortly,
it forms a smoothly curved passage inside the crank-
case 5. Scavenging passage 209a in the aforesaid cyl-
inder 2 and scavenging passage inlet 209c are connect-
ed at the aforesaid surfaces 04 and 05 where the pas-
sages in crankcase 5 and cylinder 2 meet.
[0203] 1001 is the air passage for preceding air. It is
connected partway along the length of the aforesaid
scavenging passage 209a. Preceding air from the air
cleaner (not pictured) is supplied to scavenging port 9a
through the air passage and scavenging passage 209a.
[0204] With the exception of guide 501, the configu-
ration just described is identical to the prior art design
shown in Figure 39.
[0205] 501 is a guide. It is inserted into the aforesaid
crankcase 5 from surface 04 to provide surface 511,
which is smoothly connected to scavenging passage
209b in the crankcase.
[0206] As can be seen in Figures 21 and 22, the guide
501 has a cylindrical protrusion 531 on its upper surface.
Two teeth, 541 and 551, protrude on its sides. As can
be seen in Figure 20, when the teeth 541 and 551 on
the guide 501 engage in depressions 151 and 141 in
crankcase 5, the guide is fixed to the crankcase. If one
set of teeth and depressions, for example tooth 541 and
depression 151, is engaged more loosely than the other,
in this case tooth 551 and depression 141, guide 501
can easily be installed.

31 32



EP 1 508 679 A2

18

5

10

15

20

25

30

35

40

45

50

55

[0207] Projection 531 on the guide 501 engages in the
hole (not pictured) in the aforesaid gasket 311. Thus
when gasket 311 is installed on top of guide 501, the
correct placement of the gasket 311 can be checked by
verifying the position of projection 531. Also, the fact that
the guide 501 has been installed can be confirmed by
looking at gasket 311, so there is no chance of forgetting
to install the guide 501.
[0208] There is a depression 521 on the upper surface
of the aforesaid guide 501. When fuel from the fuel-air
mixture gets into the slight gap where gasket 311 sep-
arates the crankcase from the cylinder, the fuel will flow
downward through the depression 521.
[0209] In a two-stroke engine with a scavenging pas-
sage configured in this way, the fuel-air mixture from
crank chamber 5a in crankcase 5 is conducted into
scavenging passage 209b, a portion of which consists
of the smoothly curved surface 511 of guide 501. It flows
through the smoothly curved scavenging passage 209b
and is supplied to scavenging port 9a.
[0210] Because scavenging passage 209b is a
smoothly curved channel without any right angles, the
fuel-air mixture flows through it smoothly and rapidly
without any flow loss such as a decrease in flow velocity
as it is supplied to scavenging port 9a.
[0211] With the fifth preferred embodiment, the afore-
said guide 501 is installed in crankcase 5 in such a way
that it can be attached or removed from surface 04 of
cylinder 2 in the axial direction 50 of the cylinder. This
obviates the need for the tooth 161 between the upper
wall of scavenging passage 209b and the surface 04 to
which the crankcase is attached, as was required in the
prior art. The guide 501 performs the same function as
the aforesaid tooth 161. Thus when crankcase 5 is cast,
even if a single die is used to form scavenging passage
209b inside the crankcase 5, the die can easily be re-
moved in the axial direction 50 of the cylinder. Because
the scavenging passage can be formed using a single
die, there is no possibility that one of several dies will
slip out of position, as sometimes happened with prior
art techniques, and ruin the casting.
[0212] Also, with the fifth preferred embodiment, if the
fuel in the fuel-air mixture flowing through scavenging
passages 209a and 209b, which are connected where
they meet between surfaces 04 and 05 of crankcase 5
and cylinder 2, seeps into the gap between surfaces 04
and 05 where gasket 311 is inserted, the fuel will flow
downward through the depression 521 formed in guide
501. Further, creating the aforesaid depression 521 re-
duces the surface area of the aforesaid gap, so less fuel
will seep into the gap. Thus even if the engine is mount-
ed obliquely, the fuel cannot return to scavenging pas-
sages 209a and 209b. This prevents the imperfect com-
bustion which would result if fuel could flow back into
scavenging passages 209a and 209b.
[0213] In addition to the aforesaid embodiments, the
following two modifications are also included in the
scope of this invention.

[0214] In the first modification, the aforesaid guide
501 consists of a flat piece which is formed integrally to
gasket 311 from a resin. The piece corresponding to the
guide is formed by molding a deep-drawing sheet. This
surface 511, which connects smoothly with scavenging
passage 209b in the aforesaid crankcase 5, and it also
forms depression 521 on the reverse side of the surface.
[0215] With this modification, guide 501 and gasket
311 are one piece, and deep drawing allows channel
surface 511 and depression 521 to be formed on the
front and reverse sides of the sheet at the same time.
This reduces the parts count and the number of assem-
bly processes.
[0216] In the second modification, the aforesaid guide
501 is given a different color than the rest of the crank-
case assembly. If the guide is a different color, its pres-
ence or absence will be all the more evident, so it will
be impossible to forget to install it. By using a different
color for each type of machine, we can simplify our parts
control.
[0217] Figure 27 shows an air-layer-type scavenging
two-stroke engine in which the sixth and seventh pre-
ferred embodiments of this invention have been imple-
mented. In this figure, 2 is the cylinder; 421 is the interior
wall of the cylinder; 4 is the piston; 6 is the crankshaft;
6a is the crank web, a constituent of the crankshaft 6; 5
is the crankcase; 3 is the connecting rod which links pis-
ton 4 to crankshaft 6; 7 is the cylinder head; 8 is the
spark plug; 11 is the air cleaner; and 12 is the carburetor.
[0218] 25 is the combustion chamber; 5a is the crank
chamber inside crankcase 5; and 15 is the fuel passage
which connects the aforesaid carburetor 12 to crank
chamber 5a. 13a is the exhaust port on the side of cyl-
inder 2. It is connected to the exhaust pipe by exhaust
passage 411.
[0219] 9a are the two scavenging ports, which face
each other on cylinder 2 to the right and left of exhaust
port 13a at virtually a right angle with respect to the ex-
haust port. The scavenging ports 9a communicate with
the aforesaid crank chamber 5a via branching scaveng-
ing passages 109e, which are angled obliquely with re-
spect to cylinder 2; arc-shaped scavenging passages
109d, which are formed inside the walls on either side
of crankcase 5; and outlets 109b.
[0220] 10 is the air supply chamber formed on the side
of cylinder 2. Its upstream side is connected to air pas-
sage 10b in insulator 30; its downstream side is con-
nected to branching air passages 10a. The branching
air passages 10a connect to the two branching scav-
enging passages 109e.
[0221] Non-return valve 16 on the outlet of the air sup-
ply chamber 10, which goes to branching air passages
10a on the right and left, permits air to flow only in the
direction of the air passages.
[0222] The aforesaid insulator 30 thermally isolates
the air intake system from the engine body. It is bolted
to the side of cylinder 2. The aforesaid air passage 10b
is in the upper portion of the insulator 30 and fuel pas-
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sage 15 is in the lower portion.
[0223] The upstream side of the fuel passage 15 is
connected to valve 14 on carburetor 12, which controls
the flow rate of the fuel-air mixture. The downstream
side is connected to the inside of the cylinder (i.e., to
combustion chamber 25) via air intake port 15a.
[0224] 110 is an air passage integral to carburetor 12
which connects air cleaner 11 to insulator 30. On the air
passage 110 is an air control valve 20, which changes
the diameter of the passage. The air control valve 20 is
interlocked with mixture control valve 14 on carburetor
12.
[0225] This invention concerns an improvement in the
configuration of the scavenging passages in the air lay-
er-type scavenging two-stroke engine discussed above.
[0226] Figures 23 and 25 show the sixth preferred em-
bodiment of this invention. 2 is the cylinder; 25 is the
combustion chamber inside the cylinder; 431 is the
space for the aforesaid spark plug 8; 15 is the fuel pas-
sage; 15a is the air intake port which is the outlet of the
fuel passage 15 into combustion chamber 25; 13a is the
exhaust port; and 411 is the exhaust passage which
connects the chamber to the exhaust port 13a. 421 is
the interior wall of the cylinder.
[0227] 9a is one of the scavenging ports. It is actually
the outlet of one of the aforesaid scavenging passages
109d into combustion chamber 25. As in Figure 27,
there are two such passages and outlets.
[0228] As is shown in Figure 25, upper walls 9c and
9b of the aforesaid scavenging passages 109d, which
connect to the aforesaid scavenging ports 9a, and their
blow-up angle α , the angle they form with respect to a
passage perpendicular to the axis 50 of the cylinder, or
in other words with respect to horizontal passage 45,
vary along the periphery of the cylinder.
[0229] The sixth preferred embodiment is shown in
Figure 23. If we call the blow-up angle of the aforesaid
scavenging passage 109d, which can be seen in Figure
25, in a location nearer the aforesaid exhaust port α1 (B
in Figure 25) and that in a location nearer the aforesaid
intake port α2 (A in Figure 25), then α1 < α2. The blow-
up angle α varies continuously from a location nearer
intake port 15a (α2) to one nearer exhaust port 13 (α1).
[0230] In the seventh embodiment of this invention,
which is pictured in Figures 24, 26 and 27, surfaces 9c
and 9b of the upper wall of the aforesaid scavenging
passage 109d are formed so that they vary in step fash-
ion from blow-up angle α2 along a given length a on the
side of the passage nearer intake port 15a to blow-up
angle α1 along a given length b on the side of the pas-
sage nearer exhaust port 13, with the angular difference
mediated by step 441.
[0231] In this case there is a fixed blow-up angle α2
along the entire length of the aforesaid given length a,
and a different fixed blow-up angle α1 along the entire
length of the aforesaid given length b. It would also be
permissible to have two or more steps like the aforesaid
441 so that the blow-up angle would vary in three or

more stages.
[0232] When an air layer-type scavenging two-stroke
engine configured in this way operates, the combustion
pressure in combustion chamber 25 forces piston 4
downward and opens exhaust port 13. The combustion
gases (i.e., the exhaust gas) in the combustion chamber
25 flow through exhaust port 13 and exhaust passage
411 to the exhaust pipe, and are released into the at-
mosphere through the muffler (not pictured).
[0233] When piston 4 goes down further, the scaveng-
ing ports 9a to its left and right open. The air which has
accumulated in branching scavenging passages 109e
flows into combustion chamber 25, pushing the com-
bustion gases toward exhaust port 13.
[0234] Next, the fuel-air mixture stored in crank cham-
ber 5a flows into combustion chamber 25 via outlets
109b of the scavenging passages, scavenging passag-
es 109d and branching scavenging passages 109e.
[0235] When piston 4 reaches bottom dead center,
exhaust port 13 and scavenging ports 9a open, and the
supply of air and fuel-air mixture to combustion chamber
25 is completed or virtually completed. Scavenging
ports 9a are closed by the action of the piston 4, and the
interior of crank chamber 5a becomes a closed space.
As the space begins to expand, its pressure begins to
drop.
[0236] When piston 4 rises further, exhaust port 13
closes, and the fuel-air mixture in combustion chamber
25 begins to be pressurized. As piston 4 rises, the vol-
ume inside crank chamber 5a increases, which further
reduces the pressure in the crank chamber 5a. When
piston 4 rises further, air intake port 15a on the side of
cylinder 2 opens, and the fuel-air mixture generated in
carburetor 12, and whose flow rate is controlled by valve
14, is supplied to crank chamber 5a through fuel pas-
sage 15.
[0237] The drop in pressure inside the aforesaid crank
chamber 5a is communicated via outlets 109b, scav-
enging passages 109d and branching scavenging pas-
sages 109e to branching air passages 10a on the left
and right. Non-return valve 16 opens, and the air sup-
plied to air supply chamber 10 fills scavenging passages
109d.
[0238] When piston 4 reaches the vicinity of top dead
center, spark plug 8 discharges a spark in combustion
chamber 25. This ignites the pressurized fuel-air mixture
and combustion occurs. The pressure generated by this
combustion pushes piston 4 down, which generates ro-
tary torque in crankshaft 6.
[0239] When piston 4 goes down and exhaust port 13
opens, the combustion gases in combustion chamber
25 flow through exhaust port 13 into the exhaust pipe.
They are exhausted to the exterior through the muffler
(not pictured).
[0240] In the aforesaid scavenging operation, be-
cause the blow-up angle α2 of upper walls 9c and 9b of
the aforesaid scavenging passage 109d is greater at a
location nearer intake port 15a than blow-up angle α1

35 36



EP 1 508 679 A2

20

5

10

15

20

25

30

35

40

45

50

55

at a location nearer exhaust port 13a, the fuel mixture
which enters the chamber from the location nearer the
exhaust port 13a will flow along the top of the piston at
a high speed without being dispersed. This will prevent
it from getting caught in the exhaust gas stream and so
reduce the quantity of fuel lost through exhaust port 13a.
[0241] The fuel-air mixture which enters the chamber
from the location nearer the aforesaid intake port 15 of
the aforesaid scavenging passage 109d will be flowing
at a lower velocity than that nearer the aforesaid exhaust
port 13a. It will be sent into the area around the spark
plug in the upper part of the chamber, where it will be
efficiently ignited and combusted.
[0242] Thus the sixth and seventh embodiments pre-
vent the fuel-air mixture supplied to combustion cham-
ber 25 from escaping unburned through exhaust port
13a. improve the scavenging efficiency, and increase
the concentration of the fuel-air mixture which fills com-
bustion chamber 25.
[0243] If the engine is configured as in the aforesaid
seventh embodiment, the surfaces 9c and 9b of the up-
per wall of the aforesaid scavenging passage 109d is
formed so that it varies in step fashion from a large blow-
up angle α2 at a location nearer intake port 15a to a
smaller angle α1 at a location nearer exhaust port 13a,
with the change in angles occurring at step 441. When
the cylinder is cast, two dies can be used with two dif-
ferent blow-up angles α, as described above, with the
angles changing at the step 441. This will make it easy
to remove the work from the dies.
[0244] Also, using dies with two different blow-up an-
gles to form scavenging passage 109d is an easy and
reliable way to control the blow-up angle.
[0245] Figures 28 through 31 show the eighth pre-
ferred embodiment of this invention. In Figure 31, 2 is
the cylinder, 4 the piston, 6 the crankshaft, 6a the crank
web of the crankshaft 6, 5 the crankcase, 3 the connect-
ing rod which connects piston 4 and crankshaft 6, 7 the
cylinder head, 8 the spark plug, 11 the air cleaner and
12 the carburetor. 25 is the combustion chamber. 5a is
the crank chamber formed inside crankcase 5. 15 is the
passage for the fuel-air mixture which connects the
aforesaid carburetor 12 and crank chamber 5a. 13a is
the exhaust port on the side of cylinder 2. It is connected
to exhaust passage 411.
[0246] 9a are the two scavenging ports which face
each other on cylinder 2 to the right and left of exhaust
port 13a at virtually a right angle with respect to the ex-
haust port. As can be seen in Figure 30, the scavenging
ports 9a communicate with the aforesaid crank chamber
5a via branching scavenging passages 109e, which are
angled obliquely with respect to cylinder 2; scavenging
passages 109f, which are at the points where the vari-
ous scavenging passages meet: arc-shaped scaveng-
ing passages 109d, which are formed inside the walls
on either side of crankcase 5; and outlets 109b.
[0247] The end surfaces of the aforesaid outlets 109b
and the end surfaces of crank webs 6a approximate

each other in the direction of crankshaft 60, leaving only
a microscopic gap, so that the ends of the outlets can
be opened and closed by the revolution of crank webs
6a of crankshaft 6.
[0248] 10 is the air supply chamber formed on the side
of cylinder 2. Its upstream side is connected to air pas-
sage 10b in insulator 30, which will be discussed shortly;
its downstream side is connected to branching air pas-
sages 10a. As can be seen in Figure 30, the branching
air passages 10a connect to scavenging passages 109f
and 109e.
[0249] Non-return valve 16 on the outlet of the air sup-
ply chamber 10, which goes to branching air passages
10a on the right and left, permits air to flow only in the
direction of the air passages.
[0250] As is shown in Figure 30, the aforesaid branch-
ing air passages 10a and scavenging passages 109e
are formed virtually symmetrically with respect to the ax-
is 50 of the cylinder by walls 109h and 109i, which ex-
tend outward from the sides of the cylinder 2 and are
integral to it. The walls 109h and 109i are parallel to each
other. The single die which forms them can be removed
by pulling it sideward away from the cylinder.
[0251] 30 is an insulator to thermally isolate the en-
gine body from the air intake system. The insulator 30
is bolted to the side of cylinder 2. The aforesaid air pas-
sage 10b is in the upper portion of the insulator 30, and
fuel passage 15 is in its lower portion. The upstream side
of the fuel passage 15 is connected to carburetor 12, as
described above. The downstream side is connected to
the interior of the cylinder (combustion chamber 25) via
air inlet port 15a.
[0252] In Figures 28 and 29, the aforesaid crankcase
5 consists of front portion 05a and rear portion 05b. The
two portions of the crankcase are divided at surface 512,
a surface at a right angle with respect to crankshaft 60
and cylinder axis 50, which is also the axis of the crank-
shaft. After crankshaft 6 and main shaft bearings 522
are installed between them, the front portion 05a and
rear portion 05b are fastened to each other by a number
of bolts 542.
[0253] 533 is the flat surface on the top of the afore-
said crankcase 5 to which the cylinder will be mounted.
The undersurface 532 of cylinder 2 is brought up against
the surface 533 and the cylinder is fastened to the afore-
said crankcase 5 by a number of bolts 552.
[0254] Inside the aforesaid front portion 05a and rear
portion 05b are two symmetrical scavenging passages
109d and their outlets 109b. The two passages meet
where they go through common surface 512. The upper
ends of the scavenging passages 109d come out
through the surface 533, so the upper portions of the
dies which form them can be removed by pulling them
away from the surface 533.
[0255] Inside the aforesaid cylinder 2, scavenging
passages 109f, which connect with scavenging passag-
es 109d in the aforesaid front portion 05a and rear por-
tion 05b of the crankcase; branching scavenging pas-
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sages 109e, which connect with the scavenging pas-
sages 109f; and branching air passages 10a, which con-
nect with the branching scavenging passages 109e, are
symmetric with respect to surface 512 of the aforesaid
crankcase 5.
[0256] When an air layer-type scavenging two-stroke
engine configured in this way operates, piston 4 goes
down and the scavenging ports 9a to its left and right
open. The air which has accumulated in branching scav-
enging passages 109e by flowing through the aforesaid
air passage 10b, non-return valve 16 and air supply
chamber 10 flows through scavenging ports 9a into
combustion chamber 25 and pushes the combustion
gases toward exhaust port 13a.
[0257] Next, the fuel-air mixture stored in crank cham-
ber 5a flows through scavenging ports 9a into combus-
tion chamber 25 via scavenging passage outlets 109b,
scavenging passages 109d and 109f and branching
scavenging passages 109e.
[0258] When piston 4 rises from bottom dead center,
it closes scavenging ports 9a, and the interior of crank
chamber 5a becomes a closed space. As the space be-
gins to expand, its pressure begins to drop.
[0259] When piston 4 rises further, exhaust port 13a
closes, and the fuel-air mixture in combustion chamber
25 begins to be pressurized. As piston 4 rises, the vol-
ume inside crank chamber 5a increases, which further
reduces the pressure in the crankcase. When piston 4
rises further, air intake port 15a opens, and the fuel-air
mixture is supplied to crank chamber 5a through fuel
passage 15.
[0260] When an air layer-type scavenging two-stroke
engine configured as described above is manufactured,
scavenging passages 109d are cast inside front portion
05a and rear portion 05b of the crankcase, and the re-
quired machining processes are performed. Then piston
4, crankshaft 6, connecting rod 3 and main shaft bear-
ings 522 are assembled between the two halves of the
crankcase. The halves are joined at surface 512 and
fastened together by bolts 542 to achieve a unitary
crankcase 5.
[0261] In cylinder 2, scavenging passages 109f,
which connect with passages 109d in the aforesaid
crankcase 5; branching scavenging passages 109e,
which connect with the passages 109f; and branching
air passages 10a, which connect with the branching
passages 109e, are cast in such a way that they are
symmetric with respect to surface 512 of the aforesaid
crankcase 5, and the required machining processes are
performed.
[0262] Piston 4, connecting rod 3 and other necessary
components are assembled in the aforesaid cylinder 2,
and its undersurface 532 is brought up against surface
533 of the aforesaid crankcase 5. The cylinder is then
fastened to the crankcase by bolts 552.
[0263] With the eighth embodiment, then, crankcase
5 is divided at surface 512, a surface at a right angle
with respect to crankshaft 60 and cylinder axis 50, which

is also the axis of the crankshaft, into a front portion 05a
and a rear portion 05b, both of which have scavenging
passages 109d running inside them. The front and rear
portions 05a and 05b are fastened together by bolts 542.
Cylinder 2, which contains scavenging passages 109f,
branching scavenging passages 109e and branching air
passages 10a, is fastened to surface 533 on the top of
the aforesaid crankcase 5 by bolts 552. Scavenging
passages 109f on the bottom of the cylinder communi-
cate with scavenging passages 109d in crankcase 5,
forming two long scavenging passages which run
through both crankcase 5 and cylinder 2. The crankcase
5 and cylinder 2 thus assume a compact shape with no
projections, and their scavenging passages are smooth
passages with no sharp angles.
[0264] The engine is divided into front and rear por-
tions 05a and 05b, with scavenging passages 109d run-
ning through both portions, and the two portions are cast
separately. Thus the work can be removed from the dies
at the aforesaid surface 512 where the two portions will
be joined or at surface 533, the surface perpendicular
to surface 512 where the cylinder is mounted. This sim-
plifies the shapes of the dies and the removal of the work
and reduces the number of dies needed.
[0265] With the eighth embodiment, scavenging pas-
sages 109d and 109f, branching scavenging passages
109e and branching air passages 10a are all symmetric
with respect to surface 512 of the aforesaid crankcase
along their entire length from outlets 109b into crank
chamber 5a to scavenging ports 9a in cylinder 2. A com-
mon die can therefore be used to cast the two respective
scavenging passages and branching air passages in the
front and rear portions of the crankcase, so fewer dies
are needed. The shape described above makes the
passages of the two symmetric scavenging passages
exactly the same size. Cylinder 2 will therefore be filled
uniformly along its circumference with scavenging air
and fuel-air mixture. And because the aforesaid two
branching air passages 10a also have identically-
shaped passages, cylinder 2 will be scavenged uniform-
ly along its circumference.
[0266] Walls 109h and 109i of the aforesaid scaveng-
ing and branching air passages can be formed integrally
to cylinder 2 and virtually parallel with each other. Be-
cause this design allows the cylinder to be cast using a
single sliding die, it simplifies the configuration of the die
and reduces the cost of producing it.
[0267] Figures 32 through 38 show the ninth preferred
embodiment of this invention. In Figure 32, 2 is the cyl-
inder; 5 is the crankcase. The cylinder 2 and crankcase
5 are fastened to each other with gasket 311 between
them by bolts 110 at their mounting surfaces. 4 is the
piston; 3 is the connecting rod; 8 is the spark plug; 13a
is the exhaust port; and 25 is the combustion chamber.
[0268] 9a is the scavenging port, which is on the side
of the aforesaid cylinder 2. 5a is the crank chamber in-
side the aforesaid crankcase 5. 12 is the carburetor; 30
is the insulator between the carburetor 12 and the afore-
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said cylinder 2. 15 is the passage for the fuel-air mixture.
It runs from the throttle passage of the aforesaid carbu-
retor 12 through insulator 30 and cylinder 2 to the afore-
said crank chamber 5a. 10b is the air passage. It runs
from the air passage of the aforesaid carburetor 12
through insulator 30 and non-return valve 16 to the scav-
enging passage and the aforesaid scavenging port 9.
The non-return valve 16 is a reed valve which is opened
and closed by negative pressure in the aforesaid scav-
enging passage.
[0269] In the two-cycle engine according to this inven-
tion, the air cleaner and the choke valve used in it have
been improved.
[0270] 1001 is the air cleaner, which is configured as
follows.
[0271] 1011 is the air cleaner housing. It is attached
to the aforesaid carburetor 12 by bolts (not pictured).
1021 is the air cleaner cover. It is attached to the afore-
said air cleaner housing 1011 by bolts 109.
[0272] Two air passages, passage 1061 and passage
1071, run parallel to each other through the aforesaid
air cleaner housing 1011. Air passage 1061 connects to
air passage 10b, which has the aforesaid non-return
valve 16 on it. Air passage 1071 connects to the afore-
said fuel passage 15.
[0273] 1201 is a choke valve which alternately opens
and closes the aforesaid air passages 1061 and 1071.
[0274] In Figures 32 through 38, 1041 is a rotary valve
consisting of valve portions 1041 a and 1041 b. When
rotated, it engages over the opening in the center of the
aforesaid air cleaner cover 1021. Valve portions 1041 a
and 1041 b alternately open and close the inlets of the
aforesaid air passages 1061 and 1071. 1031 is the ro-
tary knob which operates the valve 1041. It is fixed to
the end of the valve 1041. There is a choke hole 1501
in valve portion 1041 b. On the side of valve portions
1041 a and 1041 b which is away from the engine ex-
tensions 1511 and 1521 are formed integrally to the
valve portions.
[0275] The end of the aforesaid valve 1041 consists
of flat surface 1101, which covers or uncovers the inlets
of the aforesaid air passages 1061 and 1071. Flat sur-
face 1101 of the valve 1041, as can be seen in Figure
32, is shaped in such a way as to completely obstruct
the inlets of the aforesaid air passages 1061 and 1071
when the valve 1041 is rotated.
[0276] 1051 is an O-ring which is placed on the cir-
cumference of the valve stem of the aforesaid valve
1041. It goes between the inner surface 1131 of the
aforesaid air cleaner cover 1021 and step portion 1221
of the valve stem of the aforesaid valve 1041 and exerts
pressure in the axial direction of the valve, forming a
liquid seal for the interior of air cleaner 1001. Its elastic
force presses flat surface 1101 of the aforesaid valve
1041 against the inlets of the aforesaid air passages
1061 and 1071.
[0277] As Figure 33 shows, when rotary knob 1031,
which is integral to the aforesaid valve 1041, is turned

approximately 90° clockwise from starting position, it is
set in normal operating position. 1231 is a stop which
projects from the exterior surface of the aforesaid air
cleaner cover 1021. As can be seen in Figures 33 and
34, when the aforesaid rotary knob 1031 is being rotated
from the aforesaid starting position to normal operating
position, its end goes over the aforesaid projection 1231
against the force of the aforesaid O-ring 1051. Exten-
sions 1511 and 1521 on valve 1041 come up against
and are stopped by stops 1531 and 1541, as shown in
Figure 37. The elastic force of the aforesaid O-ring 1051
returns the valve to its previous position, and it is held
on the portion of the aforesaid air cleaner cover 1021
which does not have a projection 1231 on it.
[0278] As can be seen in Figures 37 and 38, there is
a projection 1111 with a tapered surface 1121 on the in-
side of the aforesaid air cleaner cover 1021. When the
aforesaid rotary knob 1031 is in starting position, as
shown in Figure 33, its end rides up on tapered surface
1121 of the projection 1111, and flat surface 1101 of the
aforesaid valve 1041 pushes against the inlet of the
aforesaid air passage 1061, closing it completely.
[0279] In an air cleaner in a two-stroke engine config-
ured as described above, when the engine is going to
be started up, the rotary knob 1031 of choke valve 1201
is set in starting position (choke position), as shown in
Figure 33. When rotary valve 1041, which is fixed to the
knob 1031, is rotated, the air inlet of carburetor 12 and
the aforesaid air passage 1071, which is connected to
the aforesaid fuel passage 15, is fully closed (although
the small choke hole 1501 remains open). The aforesaid
air passage 1061, which is connected to the air passage
10b which supplies preceding air, is also fully closed,
and the engine is started up.
[0280] When this choke valve 1201 is operated, the
air filtered by cleaner element 1081 of air cleaner 1001
flows into air passage 1071 through choke hole 1501
and is supplied from the passage 1071 to the main noz-
zle of carburetor 12, which is connected to passage
1071. In the carburetor 12, a fuel-air mixture is generat-
ed by atomizing the fuel in the air. The fuel-air mixture
is supplied from fuel passage 15 through crank chamber
5a, the scavenging passage and scavenging port 9a,
into combustion chamber 25, where it is ignited and
combusted, thus starting the engine.
[0281] When the engine is started up, air passage
1061 of air cleaner 1001 is fully closed by valve 1041 of
the aforesaid choke valve 1201. Thus preceding air can-
not be supplied to the combustion chamber through the
air passages 1061 and 10b. Only the fuel-air mixture
generated in carburetor 12 using the air which enters
the aforesaid air passage 1071 through choke hole 1501
is supplied to the combustion chamber. Thus combus-
tion chamber 25 will be filled with a rich fuel-air mixture,
and the engine's starting characteristics will improve.
[0282] Flat surface 1101 of rotary valve 1041 in the
aforesaid choke valve 1201 opens and closes the inlets
of the aforesaid air passages 1061 and 1071. 1051 is
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an O-ring which is placed on the circumference of the
stem of the aforesaid valve 1041 between the inner sur-
face 1131 of the aforesaid air cleaner cover 1021 and
step portion 1221 of the stem of the aforesaid valve
1041. It exerts pressure in the axial direction of the valve
1041, forming a liquid seal for the interior of air cleaner
1001. Its elastic force presses flat surface 1101 of the
aforesaid valve 1041 against the inlets of the aforesaid
air passages 1061 and 1071. Thus the choke valve 1201
completely closes the inlet of air passage 1061 for pre-
ceding air. This allows a rich mixture to be generated,
as described above, and it allows a high negative pres-
sure to be maintained.
[0283] In addition to the aforesaid O-ring 1051, a pro-
jection 1231 which serves as a stop is provided on the
outer surface of the aforesaid air cleaner cover 1021.
When the aforesaid choke valve 1201 is rotated from
starting position to normal operating position, it switches
between the aforesaid air passages 1061 and 1071.
When the aforesaid rotary knob 1031 is between start-
ing position and normal operating position, its end goes
over the aforesaid projection 1231 against the force of
the aforesaid O-ring 1051. The moderate friction im-
proves the operating feel of the choke valve. When the
choke valve 1201 is released, the elastic force of the
aforesaid O-ring 1051 and the force of the aforesaid pro-
truding stop 1231 automatically hold the choke valve
1201 in place on the flat portion of the outer surface of
air cleaner 1001 in such a way that it cannot go back.
[0284] There is a projection 1111 with a tapered sur-
face 1121 on the inside of the aforesaid air cleaner cover
1021. As can be seen in Figure 33, when the aforesaid
choke valve 1201 is rotated toward starting position, the
end of rotary knob 1031 will ride up on tapered surface
1121 of the projection 1111 when the knob reaches start-
ing position. The flat surface 1101 of the aforesaid valve
1041 will then press against the inlet of the aforesaid air
passage 1061.
[0285] This improves the seal formed by flat surface
1101 of the valve 1041 so that the aforesaid air passage
1061 can be completely closed off.
[0286] A rotary choke valve 1201 configured as de-
scribed above is not limited in its application to use as
a choke valve for an air cleaner as described above. It
can be used for a wide range of applications which re-
quire a valve to switch between two fluid passages when
knob 1031 is turned to rotate valve 1041.

Claims

1. A two-stroke cycle engine using a preceding air-lay-
er for scavenging, comprising:

an exhaust port (13a) on the side of the cylinder
(2);
a scavenging port (9a) on the side of the cylin-
der (2);

a fuel passage (15), which supplies fuel-air mix-
ture to the crank chamber (5a) through the in-
take port (15a) on the side of the cylinder (2)
during the time of the elevation of the piston (4);
a scavenger passage (1 09d) to be connected
to said scavenging port (9a);
an air passage (10b), which supplies scaveng-
ing air from the air cleaner (1001) toward the
inner side of said engine;
an insulator (30), in which said fuel passage
(15) and said air passage (10b) run in parallel;
a non-return valve (16), which is provided on
said insulator (30) facing toward the inner side
of said engine, to open or close said air pas-
sage (10b) by means of negative pressure in
said scavenger passage (1 09d); and
a connecting passage (43, 44, 47, 51) with a
small diameter to link said air passage (10b)
and said fuel passage (15) so that negative
pressure in said air passage (10b) forces the
fuel-air mixture in said fuel passage (15) into
said air passage (10b).

2. The engine of claim 1, wherein said connecting pas-
sage (43, 44, 47, 51) links said air passage (10b)
and said fuel passage (15) at a point downstream
or upstream of said non-return valve (16).

3. A two-stroke cycle engine, comprising:

a scavenger passage (109d) which connects a
scavenging port (9a) on the side of the cylinder
(2) to the crank chamber (5a) inside a crank-
case (5), and goes through the mounting sur-
face where the cylinder (2) and crankcase (5)
are attached to each other; and
a removable guide (501) with a surface forming
a curved smooth channel which is attachable
to said scavenger passage (109d) in the crank-
case (5) from the mounting surface, and forms
a portion of said scavenger passage (1 09d)
with the curved channel.

4. The engine of claim 3, wherein said removable
guide (501) comprises a positioning tooth (541,
551) which engages with a hole in a gasket (311)
for the mounting surface where the cylinder (2) and
crankcase (5) are attached to each other.

5. The engine of claim 3, wherein said removable
guide (501) is fixed to the crankcase (5) when a
tooth (541, 551) engages in an indentation (141,
151) in the crankcase (5).

6. The engine of claim 3, wherein said removable
guide (501) has a depression (521) in the mounting
surface where the cylinder (2) and crankcase (5)
are attached to each other.
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7. The engine of claim 3, wherein said removable
guide (501) is painted on.

8. A two-stroke cycle engine, comprising:

an exhaust port (13a) on the sidewall of the cyl-
inder (2), which opens into the cylinder (2);
a scavenging port (9a) on the sidewall of the
cylinder (2) positioned a slight distance apart in
the circumferential direction from said exhaust
port (13a), which also opens into the cylinder
(2);
an intake port (15a), which opens to supply fu-
el-air mixture to the crankcase (5) according to
the action of the piston (4); and
a scavenger passage (109d), which connects
the crankcase (5) and said scavenging port
(9a);

wherein the blow-up angle (α) of said scaven-
ger passage (109d), which is defined by the angle
between the upper wall (9b, 9c) connected to said
scavenging port (9a) and a line perpendicular to the
axis of the cylinder (2), varies along the circumfer-
ential direction of the cylinder (2), with the blow-up
angle (α1) at a location nearer said exhaust port
(13a) being smaller that the blow-up angle (α2) at
a location nearer said intake port (15a).

9. The engine of claim 8, wherein said blow-up angle
(α) varies continuously or stepwise from a location
nearer intake port (15a) to said blow-up angle near-
er exhaust port (13a).

10. A two-stroke cycle engine, comprising:

a scavenger passage (109d) which connects
the crankcase (5) and the scavenging port (9a)
on the side of the cylinder (2);
an air passage (10b) connected to the midpoint
of the scavenger passage (109d), which sup-
plies scavenging air from an air cleaner (1001)
to the scavenger passage (109d); and
a fuel passage (15), which supplies the fuel-air
mixture produced in the carburetor (12) to the
crankcase (5);

wherein said air cleaner (1001) has two air
passages (1061, 1071) running from it in parallel,
the first one (1061) is connected to said air passage
(10b), and the second one (1071) is connected to
the air inlet of the carburetor (12) to provide air for
said fuel passage (15), and a choke valve (1201)
on the air cleaner (1001) is provided to open and
close both of said first and second air passages
(1061, 1071).

11. The engine of claim 10, wherein said choke valve

(1201) comprises a rotary valve (1041) which, when
rotated, opens or closes the inlets of said first and
second air passages (1061, 1071), and a knob
(1031) by which said valve can be rotated.

12. The engine of claim 11, wherein a choke of said
choke valve (1201) engages with the case (1011)
of said air cleaner (1001) in such a way that it is free
to rotate, the flat surface of said choke comprises a
sheet which covers or uncovers the inlets of said
first and second air passages (1061, 1071), a seal-
ing ring consisting of an elastic material presses the
flat surface of said choke against the openings of
the inlets by elastic force and forms a fluid seal
around the valve shaft with respect to the case
(1011), a tapered protrusion is formed on the flat
surface of the case (1011 ) of said air cleaner
(1001), when the rotary knob (1031) of said choke
valve (1201) strikes the protrusion, then the flat sur-
face of the valve is pressed against the opening of
either the first or the second of the two air passages
(1061, 1071).

13. A two-stroke cycle engine, comprising:

a rotary valve (1041) installed on the case
(1011) in such a way that it is free to rotate
which, when rotated, opens and closes the two
air passages (1061, 1071); and
a rotary knob (1031) which operates the valve;

wherein the front surface of said rotary valve
(1041) comprises a sheet which covers or uncovers
the inlets of the two air passages (1061, 1071), a
sealing ring consisting of an elastic material press-
es the flat surface of the valve against the openings
of the inlets by elastic force and forms a fluid seal
around the valve shaft with respect to the interior of
the case (1011).
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